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ABSTRACT
This report describes the field testing of an in-service
beam-slab highway bridge superstructure, consisting basically. ~f::'
:emfive longitudinal prestressed concrete box beams, spread apart
as in typical I-beam construction, o(~), cast-in-place slab, curb,
and parapet sections, and (3) end and midspan exterior, diaphragms 0
A test load vehicle, closely simulating an AASHO HS 20~44 design
vehicle, was used to produce live load effects in the structure 0
The principal objectives were to experimentally inves-
tigate the structural response of the superstructu,re (1) to the
test vehicle traveling Cf-t constant speeds, in the range 2 - ,60 mph,
and (2) to an impact test in which the test vehicle passed over a
ramp, two inches in height, at a speed of 10 mph 0 A third objec-
tive was to provide additional information on the lateral distri-
bution of static vehicle loading.
From the speed runs of the test vehicle, it was found
that there was a significant variation in the ~ynamic load
factors. Maximum values were developed at speeds of 26 and 55 mph,
and at these speeds, the loaded frequencies of Vibration of the
superstructure were nearly equal to the:unloaded natural frequency 0
The factors at some of the speeds exceeded the design value of
50(1 + L + 125) 0 However, it is emphasized that this does not
imply inade'quacy of the design value, since the maximum-load
design conditions must include multilane loading conditions, as
well as consideration of occurrence probabilities.
The impact tests revealed considerable amplification of
static load effects, and indicate general behavior characteristics
resulting from impact-type loading. The lateral distribution of
the test vehicle load was more uniform in the speed and impact
runs than in the crawl runs.
The development of distribution factors from the experi-
mental data again reflected the inaccuracy of the design values
for spread box-beam superstructureso The experimentally-based
factors were found to be 25% less than the design value, for in-
terior beams, and 17% greater than the design value for exterior
beams. These differences are consistent with differences found
in the previous tests of five other spread box-beam structures,
and serve to further indicate that realistic consideration should
be given to the strength contributions of the curb and parapet
sections.
I. INTRODUCTION
1.1 Background
Since the completion of the Walnut Lane Bridge in
Philadelphia, many improvements and new concepts have been intro-
duced in the design of prestressed concrete bridges in the United
States. One of the developments which has been used extensively
in Pennsylvania since 1958 is the design and construction of
spread box-beam bridges~ In these bridges, the box-beams are in-
corporated into a beam-slab superstructure with the beams spread
apart, as in typical I-beam bridges.
For the design of spread box-beam superstructures, the
Pennsylvania Department of Transportation has utilized provisions
for distribution of design live loads which parallel parts of
Section 1.3.1 of the AASHO Specifications for Highway Bridges.~
aAccording to the PDH Standards, the interior beams should be de-
signed using a live-load distribution factor of 8/5.5, where S is
the average beam spacing in feet~ The distribution of live load
to the exterior beams is determined by applying to the beam the
reaction of a wheel load obtained by assuming that the slab acts
as a simple span between beams 0
Since it was felt that this procedure for load distri-
bution could be suitable modified, a~d since the design criteria
developed for adjacent box-beams was not applicable, a research
program was initiated at Lehigh University, basically to:
-1-
(1) develop the information needed to evaluate the load distribu-
tion in bridges of current design, (2) develop a·mathematical
analysis which will accurately represent the structural response
to vehicle loading, and (3) develop a new specification provision~
The over-all investigation consisted of the field testing of five
in-service bridges in Pennsylvania 0 In the summer of 1964"the
Drehersville Bridge was tested to serve as a,pilot studyo
Bridges at Brookvil1e~ Berwick, and White Haven were tested in the
summer of 1965 basically to study the'effects of skew and beam
width. In 1966, the Philadelphia Bridge was tested primarily
to study the effect. of the midspan diaphragms on load distribu~
tion. The four-year-study was completed in 1968, and eight
3 4r 6 6 7 8 9 10
reports ~" , , , " have been completed and distributede
Based on the test ~esults and conclusions included in
the initial four-year study, it was decided that a sixth spread
box-beam bridge should be instrumented and subjected to design
vehicle loading which would include speeds ranging from 2 mph to
60 mph.· Previous studies by Linger and HulsboSl~ had indicated
that at least one, and possibly two, critical speeds for the
design vehicle may occur in this range 9 where critical speed is
defined as the speed at which maximum amplification of crawl~run
respons~,is achieved 0 Therefore, it was felt that additional
information was needed to more clearly evaluate the superstruc-
ture response to moving vehicles, and further, that studies of
controlled impact loading and of slab behavior would be
-2-
desirable. It was felt that this additional information would
provide valuable information in supplementing the previous study
of distribution of vehicle loading in spread box-beam bridges.
1.2 Objectives
In the summer of 1968, the Hazleton Bridge was field
tested to develop the desired information. The major objectives
of the Hazleton Bridge study;were: (1) To establish critical
speeds at which maximum amplification of crawl-run response is
achieved, and to determine the magnitude of the maximum amplifi-
.cation, (2) to establish the amplification. of c~awl-run response
under controlled impact loading, (3) to develop information on
.stresses on the surface of the slab in both lateral ~nd longitudi-
nal directions, (4) to develop information on stress' in slab
reinforcement, and (5) to provide additional information on later-
al distribution of design vehicle loading.
This report describes part of the results from the
Hazleton Bridge field test, namely those associated with objec-
tives (1), (2), and (5). The results related to objectives (3)
and (4) will be described in another report.
1.3 Previous Studies
The previous studies which.covered the field work and
the theoretical analysis of the bridge behavior under ,static
3 5
vehicle loading were described in Reports Nos. 315.1, 315.4,
6 7 8 LO315.5, 315.6, 315.7, and 315.9. However, some other studies
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which have contributed to the dynamic behavior of bridges are
significant.
Dynamic behavior has been studied in many countries and
institutions, first in railroad bridges, -then in highway brid-ges 0
The principal concern in all studies, especially- the early·ones~
was the formulation of the problemo In practically all cases, the
results led to the conclusion that excessive vertical displace-
ments will be caused if the forcing frequency approaches the
natural frequency of the bridgeo This forcing frequency was
expressed either as a function of a sinusoidal, time dependent
forcing function, or as a function of a series of concentrated
loads representing moving vehicle wheel loads.
In the United States, two significant test programs were
conducted, one at the Massachusetts Ins,:ti ~'ute of, Technology, and
another at Iowa State University. In 1959, simple~span beam
bridges and stringer bridges, loaded witn 'single vehicles, were
studied at MIT by Biggs, Suer, and Louwo 12 The theoretical
a~alysis which was developed was accompanied,by a model study and
field studyo These studies indicated that the initial amplitude
of vehicle oscillation is the most important factor influencing
the magnitude of bridge vibration, and that large vibrations
generally occur when the natural freq~ency of the vehicle is
c\lose to the natura,i· fre'quency' of the unloaded': bri9-ge~ An
equ~tion for the experi~~ntal natural freq~enc~ of a bridge.was
presented as the product, 9f an experiment'ally determined Cdpstant,
-4-
1.2, and the theoretical expression for first-mode natural fre-
quency of a simple-span, uniform beam. . 13In 1963, Louw expanded
the earlier work of Biggs, Suer, and Louw to cover the case of a
two-span continuous bridge.
In'1960 at Iowa ~tate University, Linger and HulsboS 11
reported a theoretical analysis and field test study which
included coverage of both simple and 'continuous span bridges.
It was -reported that the theoretical unloaded natural frequencies
of the bridges, neglecting damping, agreed very well with the
experimentally determined unloaded frequencies. Theoretical
equations were also developed for the loaded natural frequency
of various bridges, and for dynamic load factors {impact factors) .
In addition, a good qualitative correlation was found between the
magnitude of impact and the nearness of the frequency of axle
repetition to the loaded natural frequency of the structure.
Additional studies of dynamic behavior are listed in
the paper by Varney and Galambos.i~
»
-5-
20 DESCRIPTION OF TEST PROGRAM
201 Test Bridge
The Hazleton Bridge, located on L.Ro 1009, Seco 93 over
L.R. 170 in Luzerne County, Pennsylvania, was selected for the
field test. The middle span of the three-span bridge, as illus-
trated in Fig~ 1, was chosen as the test span. The test span is
simply supported with a length of 69 feet 7 inches, center-to-
center of· bearings. The skew is 88°-25'. The cross-section of
the bridge is shown in Fig. 2. The superstructure is composed of
five identical prestressed concrete hollow box-beams, which are
48 inches wide and 42'inches deep, and equally spaced at 9 feet
6 inches, center-to-centero Midspan and end diaphragms, along
with-the reinforced concrete slab, were cast~in-p~ace. The slab,
which had a specified minimum thickness of 7-1/2 inches, provide~
a roadway'width of 40 feet. However, measurements of slab thick-
ness taken near midspan ranged from 709 to 9aO inches, with an
average of 802 incheso The curb and parapet sections were east-
in-place after the slab concrete had reached the specified
strength in the construction sequence. The joint between the slab
and the curb section is strengthened by vertical reinforcement
which extends from the slab up into the curb section.
The deslgn highway live loading was HS 20-44, and the
AASH0 1 impact formula was used. All interior beams were designed
utilizing a distribution factor of 8/5.5 = lQ727, while the factor
-6-
of 1.158 was used for exterior beamso The specified minimum 28-day
cylinder strength of the beam concrete was 5500 ps,i. Further de-
tails of the design and construction of the bridge are given in
the PDH:" Standa-rds for Prestressed Concrete Bridges & 2
2.2 .Instrumentation
2.2&1' Gaged Sections and Gage Locations
Two cross~sections, designated as Sections M and Q, were
selected for gagingQ The locations of these cross-sections are
shown in Fig. 1. Section M was located 3.55 feet·east of midspan,
and is the section where the theoretical maximum live load moment
would occur, with the live load vehicle moving eastwardo Section
Q was located 16 0 75 feet east of· midspan, near the quarter-point,
of the span ..
As shown,in Figo 3, four strain gages were applied on
each side of each of the three gaged beams.. One gage was located
at the bottom face, and the others were installed 6-114 inches,
15 inches, and 38-1/4 inches" respective1y~ from the bottom face
of the beamo Since the cross~section was symmetrical, only
Beams A, B, and C were gaged 0 All of the beam gages were located
at Section M.. Transverse gages on the surface of the concrete,
and gages on the transverse slab reinforcement, were applied at
both Sections M and Q, as shown in FigG 3. This report will not
include the results obtained from the transverse slab:gages and
the slab reinforcement gages 0 •
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The deflection gages were applied at Section M on the
middle of the bottom face of each of the gaged beams.
2.2.2 Position and Timing Indicators
Three air hoses were used as position indicators. They
'were placed at Section M, and 40 feet each way from SectionM.
The distances were measured along the roadway center-line, and
the hoses were placed normal to that center~line. Vehicular
wheel' contacts with these three hoses produced offsets on the
oscillograph traces. The offsets were used later to correlate
the location of the load vehicle with strain values in the data
reduction. Two additional hoses, 180 feet apart, were used as
timer hoses to monitor the speed of the test vehicle. A timer
was actuated as the front axle of the approaching vehicle passed
over the first of the timer hoses, and was shut off as the front
axle passed over the second timer hose. The lateral position
indicator consisted of a line of wooden slats mounted to pivot
!
on a horizontal rodo Before each test run, all of th~ slats were
positioned vertically. During the pass of the load vehicle, a
vertical rod mounted on the center-line at the front of the
vehicle would displace one or two slats, thereby indicating the
lateral vehicle location as the vehicle passed over the bridge.
203 Test Loading
2.301 Test Vehicle
The test vehicle used in this study 'was a three-axle
--~8-
diesel tractor semi-trailer combination which, when properly loaded
with aggregate material, closely simulated an HS 20-44 design
vehicle. The axle loads and dimensions of the test vehicle, and
of the design load vehicle, are shown in Fige 4.
2.3.2 Test Lanes
Seven test lanes, which marked the location of the center
of the truck during the test runs, were, located on the roadway as
shown in Fig. 2. For Lanes 2, 4, and 6, the center line of the
truck coincided with the center lines of Beams B, C, and'D respec-
tively. For Lanes 1, 3, 5, and 7, the center of the truck was
midway between beams.
2.3.3 Test Runs
In the field test program, 22 crawl, 70 speed, and 11
impact runs of the design load vehicle were conducted, as listed
in Table 1. Crawl runs at a speed of 2.5 mph were considered to
represent the static loading conditiono Three crawl runs were
made in ,-each of the seven test lanes 0 Nominal speeds in· the
speed runs ranged from 5 mph to 60 mph, at intervals of 2.5 mph.
One run,per lane was made in Lanes 3, 4, and 5 at each nominal
speed. All crawl and speed runs were eastbound runSe To conduct
the impact runs, a wooden ramp was placed on the bridge so that
the wheels on both sides of the truc'k dropped off th.e ramp simul-
taneously at one of the test sections" The ramp created a drop
of two inohes. In the first seven runs (one run per lane), the
-9-
ramp was positioned to drop the truck wheels at Section Mo A
second group of impact runs was conducted with the ramps posi-
tioned so that the truck wheels would drop at Section Q.
-10-
30 DATA REDUCTION AND EVALUATION
3.1 . Oscillograph Reading
The reading of the oscillographs to obtain strains and
deflections was done in the manner described in Reports
Nos. 315.13 and 315a6 7 and in other previous progress reports a
Basically, for crawl runs the maximum vertical excursion for each
gage always occurred at the location of the offset caused by the
drive axle hitting the air hose at the test sectiono For-speed
and impact runs, the maximum vertical excursion did not occur
exactly at the location of the offseto The nearest peak value
was then taken as the oscillograph readingo
3.2 Evaluation of Oscillograph Data
3.281 Strains' and Neutral Axes
To convert oscillograph trace readings to strains, a
Fortran IV computer program, used with a CDC 6400 computer, was
developed to determine·strainso The program input'consisted of
gage information and run information 0 Gage information, which
was invariant in each run~ included the location of the gage,
lead cable length, gage resistance, and gage factor 8 Run infor-
mation~ which·was variant in each run~ included operation attenu~
atian, vertical excursion (tracing reading), and equivalent cali-
bration offset.
With four·strains obtained along each beam face, a
~ll-
subroutine of the computer program was developed to plot the
strains. Then, a linear ,strain distribution for each beam face
was obtained by the method of least squares 0 It is significant
that very 'few poor strain readings were discarded by means of the
statistical Fejection technique which was developed for this pur-
pose. From this straight-line strain distribution the location
of the neutral axis was obtained for each beamo
3 0 2. 2 .Moment CoefficientA'",', aha Distribution Coefficiellts
The moment coefficient, defined as the experimentally
developed bending moment divided by the modulus of elasticity,
was used to represent the moment carried by·each beam, and by
the entire bridge superstructureG Two methods were utilized in
this study to obtain moment coefficients. The assumptions and
procedures used in these two methods are described in Section 4
of this report.
After determining the moment coefficient for each beam,
the distribution coefficients, which represent the percentage of
the total vehicle moment distributed to each beam, were determinede
The distribution coefficient for each beam '{AlaS defined and ca~lcu;'"
lat·ed as the ratio of the moment coefficient for that beam,
divided by.the sum of the moment coefficients for all five beams~
when the test vehicle occupied a particular test lane a
The value of modulus of elasticity of the beam concrete
was derived by equating the total vehicle moment, produced across
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Section M to the sum of the moment coefficients for the individual
beams, multiplied by the modulus of elasticity of the beam con-
,crete. This value was computed from data collected from each
:crawl run of the test vehicle,
3.2.3 Distribution Influence Lines and Distribution Factors
To evaluate the distribution factors for the individual
beams, the influence lines for distribution coefficients for the
individual beams were developedo These influence lines reflect
the percentage of the total bending moment carried by each beam
at Section M, produced by the load vehicle at the various lateral
positions on the bridge, To utilize the influence lines for dis-
tribution coefficients in developing the distribution factors,
three standard trucks were placed on the roadway in accordance
with the lane provisions outlined in Section 10206 of the AASHO
S ·f· t· JJ·peC1 1ca 10ns. In this regard, the trucks were ,positioned in
the defined design traffic lanes so as to produce the maximum
.' moment in the particular beam under conside_ration"
30204 Deflections and Deflection Influence Lines
Deflections were also converted from oscill~graph trace
readings by 'computations" To evaluate the vertical deflection
characteristics of individual beams, the influence lines for verti-
cal deflections were developed" The deflection influence lines
reflect the vertical deflection at Section M in each beam, produced
by the load vehicle at the various lateral positions on the bridge~
-13-
302.5 Dynamic Load Factors and Impact Factors
Dynamic load factors and impact factors were used to
reflect the effects of vehicle speed (speed runs) ~ and of a con-
trolled impact loading condition (impact runs) ~ respectively 0 To
evaluate the dynamic load factors and imp~ct factors for the struc-
tural response of individual beams and of the 'entire bridge super-
structuve, two methods were used in this study. First, the dynamic
load factors (or impact factors) were computed as the ratios be-
tween the moment coefficients due to moving vehicles (or impact
loading) and the moment coefficients due to crawling vehicles 0
Second, the factors were computed as the ratios of deflections
due to moving vehicles (or impact loading) divided by static
deflections, while both moving vehicles (or impact loading) and
crawling vehicles were located at ,the same lateral posit~ono
For individual beams, the dynamic load factors and
impact factors were computed as follows:
= Moment Coefficient at Speed
(DLF)m Moment Coefficient at Crawl
(DLF) d Deflection at Speed= Deflection at Crawl
(IF) Moment Coefficient, a~t Impact=m Moment Coeff'icient at Crawl
(IF) d Deflection at Impact= Deflection at Crawl
=-14-
where (DLF) = Dynamic Load Factor for Speed Runs
(IF) = Impact Factor for Impact Funs
and m and d indicate the values obtained from moment coefficients
and deflections, respectively 0 The moment coefficients and deflec-
tions of the numerators and denominators must represent the same
particular beam under the same particular lateral position loadingo
For the entire bridge superstructure, the dynamic load
factors and impact factors were computed as follows:
6
(,~ Moment Coefficient) at speed
(DLF) = n·=);
m 6 Coefficient)( ~ Moment a't crawl
n=l
(DLF) d
[102 (6 A + 6E) + 6B + 6c +6 D] at speed
=--------------------[1.2 (6 A + 6E) + 6B + 6C + 6D] at cr~w1
5( t: Moment Coefficient) at impact
(IF)m = 0=15( ~ Moment Coefficient) at crawl
n=l
[102 (6 A + °E) + °B + Be 4- 6D] at impact(IF) a =
aD][102 (6 A + 6E) + BB + 6C + at crawl
where 6 is the deflection of an individual beam
=15-
A, B~ C~ D, and E indicate each individual beam as shown
in Fig~ 2. The factor lo2~ which appears in the expressions based
on deflections, is the approximate ratio of the moment of inertia
of .the c~oss-section of the exterior beam-slab composite section
to the moment of inertia of an interior beam~slab composite sectiono
For convenience in developing this ratio, it was assumed that the
beam~slab.composite section was taken as midspacing-to~midspacing
of beams for interior beams ~ and edge--to--m'idspacingfor' exterior
beams, while the exterior beams include the effect of the curb~
but not the parapeto
Following is a derivation developed in.earlier work by
Fang, et aI, ~6 resulting in a,:··simplified expre,ssion for the total
internal bending moment, (M). t' at a particular cross~section
I x 1n
,I
of the bridge super~tructureo This expression, which yields
(M~)int as a function of beam deflection"forms the basis for
the equations for (DLF)d and (IF)do
'111
= -l:
l= 1
(M ). =
X 1
where m
i
E
F
= number of beams
= subscript used to identify beam-slab composite section
=modulus of elasticity
= a certain function depending on the bending.moment
diagram and on the position of the section
-16-
6 = deflection in vertical direction
I = equivalent moment of inertia
eq
The values of E./F~ for each of the beam~slab composite sections
1 1
should be equal for a,particular cross-section. Therefore,
if f = E./F.:
1 1
W
f .L: (I) a (6) a
i=~ X 1 1
I. = I for i = B~ C, and D1 X
then
3,3 Frequency 2 Logarithmic Decrement
·rhe deflection trace along the 001 second-time interval
lines on the oscillograph trace was used to determine the fre-
quencies ,of, yibration of the bridgeQ The loaded frequency of
bridge vibration with the load vehicle at Section M was determined
by using the maximum peak~to-peak period (or periods) of vibration.
After the vehicle had passed, the f~ndamental natural frequency of
the bridge was determined from the residual vibrationo
The logarithmic decrement of vibration was obtained from
-17-
selected runs by scaling the decreasing amplitudes of successive
decaying cycles of residual vibration, where
logarithmic decrement
A
= 1 log -2
n A
n
n = the number of cycles of vibration
A
,0
A
n
= the amplitude ratio of the first to the nth cycle
-18-
40 THE COMPUTATION OF MOMENT COEFFICIENTS
Two different methods~ which have been utilized in the
previous wor'k, were used to obtain the moment coefficients in
this studyo The first, method was used in the work presented in
3 4 6 6 7 8Reports Noso 31501, 31502, 31504~ 315.5, 315.6, and 31507.
On the other hand, the second method was first used by M. Ao
1 T 16Macias-Rendon, as outlined in Report Noo 322010
In this study certain assumptions were utilizedo With
the linear strain distributions, neutral axes, and the dimensions
of the cross-sections, two separate Fortran IV computer programs
were developed for these two methodso
401 The first Method
4.1.1 Linear Strain Distribution
From the previous studies~ it was consistently demon-
strated that the linear' strain distribution of the be,am.....slab uni t
extended up through the curb section for the exterior beam.
Figure 5 shows the plots of the strains along the side faces of
7
'interior and exterior be.ams of the Philadelphia Bridge, indicat-
ing that full composite action existed between the beam, slab, and
curb. The dimensions of the cross~section of the Philadelphia
Bridge are essentially the same as those of the Hazleton Bridge,
and the test spans differ by 26 inches 0 Therefore~ since it was
believed that the linear strain distribution would extend through
-19.-
the slab and curb in the Hazleton Bridge, no longitudinal gages
were placed on the surfaces of the curb and slab in the vicinity
of the ext-erior beamo
40102 Consideration of Parapet
Figure 5 indicates tha± in the Philadelphia Bridge, the
linear 'strain relationship extended only up through the curb sec-
tion, while relatively low strains were found in the parapets.
Therefore, in this report, the effect of the parapets was neg-
lected in the computations.
4.1.3 Use of Symmetry and Superposition
Since the cross-section of the bridge superstructure was
symmetric, only Beams A, B, and C were gaged. The moment coeffi-
cients for Beams D and E Were then taken as the values from Beams
A and B, when the vehicle was located in a symmetrical test lane
on the opposite side of the bridge. For instance, the moment
coefficients in Beams C, D, and E with vehicle running in Test
Lane 3 were considered to be equivalent to the moment coeffi-
cients in Beams C, B, and A, respectively, with the vehicle run-
ning in Test Lane- s. The use of symmetry and superposi tion was
'··4v~rified in the Drehersville Bridge study conducted in 1964 0 '
401.4 The ,Modular Ratio
Since the moduli of elasticity of concrete for beam,
slab, and curb were unknown, the actual ratio of the elastic
-20-
modulus of the slab or curb concrete to that of the beam concrete
could not be obtained 0 In an earlier analytical study,LO it was
shown that the variation of the modular ratio would not cause
significant changes in the section modulus and the moment of
inertia of the beam~slab unit. Therefore, in this study, 008 was
used as the value for the modular ratio in all computations.
4.1.5 Linear Variation of Slab Strains
Since no longitudinal strain gages were placed on the
-slab, it was assumed that the longitudinal slab strains varied
linearly over the width of slab which acted compositely'with each
beam.
4.1.6 Support Restraints
In line with previous field studies on this project, it
was assumed that longitudinal restraint produced by the end sup-
ports was negligible.
4.1.7 Effective Slab Widths
Since the longitudinal restraining force in the members
was neglected, the compressive force on the cross-section was com-
puted to be equal to the tensile force 0 Based on this point, the
effective width of slab (and curb for the exterior beams) of an
individual beam-slab unit-was calculated by the transformed sec-
tion method, equating the first ,moments of the compression area
and the tension area with respect to the measured location of the
neutral axiso
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4~108 Computation Procedure
First, the linear strain distributions and the neutral
axes were established, and the effective slab·widths for each of
the be.am-slab units were calculated 0 Then, using the previously
,computed effective width of slab~ the moment of inertia for each
be.am-slab unit (I) was computed. The ,moment coefficient of each
,individual be.am-slab unit (M/E) was calculated as'Ie/c"where €
is the fiber 'strain at the bottom of the beam, and c is the dis-
tance from bottom of the beam to the neutral axiso Next,.the
moment coefficients were used to determine the percentage of
total resisting moment distributed to each beam. The distribu-
tion coefficient for a beam was defined and calculated as the
ratio of the moment coefficient for that beam"divided by the swn
of the moment coefficients for all five beams,.while the test
vehicle was located in a particular test lane. Finally, the last
step was the calculation of the effective value of the modulus of
elasticity. This value was obtained by dividing the external
moment (produced by the load vehicle) by the total moment coeffi-
cient of the bridge superstructure 0
402 The Second Method
40201 Basic Assumptions
Since the major difference in the two methods is the
consideration of support restraints, the:first five of the seven
assumptions made for the first method were also made for the
-22-
second methodo These five assumptions are outlined in Sections
4.2.2 Support Restraint
The average value of the modulus of elasticity of the
beam concrete, as computed in the first method, was 7,120 ksi.
This relatively high value indicated the possibility that the mo-
ment coefficients might be low. Therefore, consideration was
given to the effect of the longitudinal end-support restraints on
the computed resisting moments in the individual beams at the test
sectiona If there was a significant effect, the total resisting
moment in each beam would be reduced by the negative moment in-
duced by the end-support restraint 0 As a result, the cross-
sectional equilibrium obtained by assuming simple end reactions
would not be valid (as described in Section 401) 0 Therefore, in
considering end-support restraint, it was assumed that the longi-
tudinal restraint force (R) was acting at the support level (See
sketch below), and that the force was laterally,distributed among
the individual beams in proportion to the computed individual
moment percentages.
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4.2Q3 Slab Widths
In order to compute the total longitudinal restraint
force, it was initially assumed that the individual slab width of
the interior beams was from midspacing to midspacing of the beams 0
For the exterior beams, the.width was taken from the outer edge
of the slab to the midpoint between the exterior and first inter-
ior beams, and the curb was included 0
4.2.4 The Analytical Procedure of the Second Method
1. First Cycle
a. With the initial individual slab widths (as
defined in Section 402.3) and linear strain
distributions, the total longitudinal restraint
force was calculated as the sum of the unbal-
anced forces on the individual beam slab units.
bo The longitudinal restraint force was then dis-
tributed to each individual beam-slab unit in
proportion to the individual moment percentageso
In the first cycle the individual moment. per-
centages were obtained by the application of
the first method (Section 401). From the sec-
ond cycle on, the moment percentages used were
those obtained in the previous cycleo
c. In order to satisfy equilibrium requirements in
the individual beam-slab cross-sections, new
slab widths were calculated for each individual
beam-slab unit. The new widths were obtained
by equating the net normal force on the indi-
vidual beam-slab cross-section to the individ-
ual longitudinal restraint force determined in
step b.
d. With the modified individual beam-slab units
based on the computation in step c, the new
moment coefficients and the moment percentages
for the individual beam-slab units were obtained.
2. Second Cycle
Keeping the total longitudinal restraint force con-
stant, steps b, c, and d of the first cycle were
repeated.
3. Third, Fourth, and Fifth Cycles
Steps b, c, and d of the first cycle were repeated.
At the completion of step d, the individual moment
coefficients were modified by linear extrapolation
as follows:
M
n
~ M .- ~ M
n-2 n-l n-l n-2
= -----------Dt .... ~
n-2 n-l
where n = number of the cycle (3, 4, or 5)
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A = M - M
n-l n n-l
~ = M - M
n-2 n-l n-2
It was found that the modification procedure for
moment coefficients converged within the five
cycles, and further, that the resulting moment per-
centages were in good correlation with the field
measurements.
4. The modified experimental value of the modulus of
elasticity of the bridge superstructure was then
derived by dividing the sum of the modified moment
coefficients into the total moment produced by the
load vehicle at the maximum moment section.
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50 PRESENTATION OF TEST RESULTS
Sol General
The results presented are based on the data obtained
from the longitudinal gag~s and deflection gages located at the
maximum moment ,section, Section M. The results from the trans-
verse gages and reinforcement gages are not included. Since two
methods wer~ used to obtain the moment coeffici~nts,.for conveni-
,enee, the first method is called Case I, and the second method,
Case II. Therefore, in the tables and figures, the numerical
values and the curves are labeled as Case I or Case II. The
number of the test lane and vehicle speed are indicated, where
neededo
5.2 Moment Coefficients, Elastic Modulus
The computed moment coefficients, presented in Tables
2 through 7, reflect the magnitude of the bending moment in each
beam produced by the load vehicle at Section M when the vehicle
t
is traveling in the designated test lan~ and at the indicated
speed. Table 2 gives the average values of the moment coeffi-
-cients for crawl runs obtained from three different runs per
lane. Tables 3, 4, 5, and 6 give the moment coefficients for
Case I and Case II for speed runs on Test Lanes 3 and 4, and
Table 7 gives the moment coefficients for impact runso
Table 2 also gives the experimental value of the
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modulus of elasticity. The average experimental value of the
modulus of elasticity of the beam concrete was computed to be
7,120 ksi and 4,510 ksi for Case I and Case II, respectively 0
5 0 3 Distribution Coefficients
Distribution coefficients, which are defined as the
percentages of total vehicle moment distributed to individual
beams, are presented in Tables 8 through 110 For crawl runs,
the average values from three sets of test runs were usede
Figures 6 through 13 illustrate the variation in the distribu-
tion coefficients for crawl and impact runs, for Cases I and II.
5.4 Distribution Influence Lines and Distribution Factors
In Figs. 14, 15, and 16, the inf~~ence lines for the
distribution coefficients are plotted for:Beams A, B, and C·with
the vehicle in various load lanes. All distribution coefficients
are based on crawl runs. The base line of the d~agram corres-
ponds to the lateral location of the center of the test vehicle
on the bridge roadway. The top line of the diagram indicates the
bounds of the design traffic lanes 0 Since the distribution co-
.efficients obtained from Case I and Case II were very close, only
one line is actually·shown, although points representing both
Cases I and II are plotted a
To develop experimental distribution factors, a design
load vehicle was placed in each of the three traffic design lanes,
as explained in Section 30203. The width of the des~gn traffic
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lanes for this bridge was 13 feet 4 inches, the center-to~center
width of the design load vehicle wheels is 6 feet~,and the minimum
distance from the center-line of the wheels on one side of the
vehicle to the curb face, or to the edge of the lane, is 2 feeto
Therefore, to maximize the effects, the center-line of the truck
can be placed at any location within the middle 3 feet 4 inches
of each design lane 0 Table 12 show,s the development of the
experimental distribution factors, through use of the influence
lines (Figs. 14,-16) 0 The exper·imental ,distribution factor for
a particular beam was obtained by:summing the three maximum dis-
,tribution coefficients from each design lane~ and multiplying the
total:by two since distribution factors are to be applied to wheel
loads rather than axl~ loads 0 Figure 17 shows a graphical compari-
son between the distribution factors actually used in design of
the different beams, and the 'experimentally developed distribution
,factors 0
505 Deflections and Deflection Influence Lines
Beam deflections at Section M!) listed in 'Tables 13, 14,
and 15,. were di'rectly calculated 'f~om oscillograph recordings ~
For the" crawl r'uns, averag~ v,alues of three sets of test runs were
usedo To enable an ~valuation of the vertical' deflection ,charac-
teri·stics of individual beams ~ the influen.ce lines for deflections
from the crawl runs are given in Figo 180 In the figure, the
ordin~te represents the vertical deflection of a,particular beam,
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while the base line and the top line correspond to the lateral
location of the test lanes and the design lanes, respectivelyo
Figure 19 shows the maximum individual beam deflections produced
by the individual maximum loading conditionso
506 Dynamic Load Factors and Impact Factors"
The dynamic load factors listed in Tables 3, 4, 5, and
6 were calculated as explained in Section 302 05. These tables
present the dynamic load factors for individual beams, and for
"the over-all bridge behavior, with the test v~hicle in a parti-
ocular test lane traveling at various speeds 0 These factors are
based on moment coefficients, while the dynamic load factors
based on deflections are given in Tables 14 and 15. T~bles 16
and 17 list the dynamic load factors derived from the impact
runs. Table 18 lists the dynamic load facto~s for the total
bridge behavior with the test vehicle in Test Lanes 3 and 4 at
various speeds 0 The values' 'for (DLF)m were computed utilizing
the methods of both Cases I and II. Figures 20~ 21, and 22 show
'the variation in the dynamic load factors for the 'individual
beams as a function of vehicle speed, for the test vehicle in
..
Test Lane 40 These figures were based on the moment coefficients
obtained from Case I (Figo 20)? the moment coefficients obtained
from Case II (Figo 21) ~nd deflections (Figo 22) 0 Figures 23,
2~, and 25 similarly show the dynamic l~ad"factors for the total
~-bridge as a function of vehicle speed 0
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507 Neutral Axes
Tables 19, 20, and 21 list the locations of the neutral
axes, indicating the distances from the bottom face of the beam
to the location of the neutral axis on the left and right vertical
faces 0 Table 19 lists the location 'of the neutral axis for crawl
runs and impact runs~ The locations for crawl runs were obtained
by averaging the values of similar test runso Tables 20 -and 21
list the values for the various speeds while the test vehicle was
positioned in Test Lanes 3 and 4~ respectivelYe Figure 26 shows
typical neutral axis locations for crawl runs in the various test
lanes.
508 Effective Slab Widths
Table 22 lists the effective slab widths for each beam,
as determined for crawl and impact runs .. As before, the crawl
run values represent the averages from three similar test runse
Table 23 gives the total effective slab width for Cases I and II,
with the te~t vehicle traveling in Te~t Lanes 3 and 4 at various
speeds. Table 24 lists effective slab widths for each beam for
Cases I' and II, while the test vehicle is traveling at various
speeds in Test Lanes 3 and 4e
509 Freguencies
All frequencies of bridge vibration were obtained from
the oscillograph traces of the three beam deflection gagese It
was found that the, ",fundame,nt.al uriloEilded:'nat,u~dal"f,requenc:y .o.f the
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Hazleton Bridge, computed as the average value from 40 test runs,
was 5.75 cps. Table 25 lists the loaded frequencies of bridge
vibration with test vehicle in each particular test lane for im-
pact runs. Table 26 lists the loaded frequencies of bridge vibra-
tion with the test vehicle in Test Lanes 3, 4, and 5. It should
be noted that there was no measurable oscillation of the super-
structure until the test vehicle reached a speed of 15 mph.
Figure 27 shows the loaded frequencies of bridge vibration as a
function of vehicle speed.
5.10 Logarithmic Decrement
The logarithmic decrement of vibration which serves as
an index of the damping characteristic of the bridge, was obtained
from the oS,cillograph trace of the three beam deflection gages
during three of the speed runs. To gather the needed data, the
oscillograph recordings were continued after the vehicle had com-
pleted its passage. Table 27 lists the logarithmic decrement
value obtained from these three runs.
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6e DISCUSSION OF RESULTS
601 Static Live Load Effect
601.1 Distribution Factors
One of the main objectives of this study was to evaluate
the distribution factors for individual beams. Comparison of the
design and experimental distribution factors indicated that the
design value for interior beams is significantly greater than the
experimental value (Table 12 and Fig. 17) 0 Conversely, the design
value for exterior beams is somewhat less than the experimental
value 0 However, it should be emphasized that although the exter-
ior beam composite section was subjected to a bending moment
greater than the design value, the section was not overstressed.
Actually, the development of full composite action between the
curb and slab, and partial composite action between the parapet
and curb, served to increase the flexural stiffness (and section
modulus) to a level which more than compensated for the additional
bending moment.
A comparison of exper,imentally developed load distribu~
tion factors, design distribution factors, and basic dimensions
is presented in Table 28 to indicate both differences and simi-
larities in the Hazleton~ Philadelphia~ and Drehersville bridese
All of the bridges have five beams, identical slab thicknesses,
and the same curb and parapet dimensions. The H~zleton and
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Philadelphia bridges are identical in cross~sectional dimensions,
and differ by only 26 inches in span length. However, the
Drehersville bridge has a smaller roadway width, resulting in one
less design traffic lane, and in a smaller beam spacingG In
addition, the span length is 8-10 feet shorter than the Hazleton
and Philadelphia bridges.
In all three bridges the ratios of experimental-to-
design distribution factor indicate the inadequacy of the current
design values. In all cases, the experimental values for inter-
ior beams are considerably less than design ,values, while the
opposite is true for exterior beams. It is significant that the
ratios, for beams in the Drehersville Bridge are more exaggerated,
reflecting the contribution of the curb and parapet sections.
Since the beam spacing is less, the effective slab widths for the
beams are less. However, the sizes of the curb and parapet sec-
tions are the same in all three bridges. Therefore, since the
Drehersville Bridge has a smaller beam size and beam spacing,
the contribution of the curb and parapet section ,amplifies the
stiffness of the exterior beam to a greater 'extent, as reflected
in the experimental-to-design factor ratios.
Basically, the experimental-to-design ratios serve to
emphasize the need for improvement in design distribution factors.
The factors now in use are based on beam spacing. However, it
appears that other factors should be included, such as the number
of traffic lanes, the interaction of curb and parapet sections,
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other cross-sectional dimensions, and possibly span length~ In
1969, a revised method for evaluating design factors was suggested
17by Sanders and Elleby.· This method included consideration of
the effects of the cross-sectional dimensions, material proper-
ties, number of load lanes, number of beams, and span length 0 In
addition, the use of the same factor for all beams, both exterior
and interior, was recommended 0 A later theoretical analysis, re-
ported by Motarjemi and VanHorn,~o formed the basis for the devel-
opment of another proposal for design factors for spread box
beams. This analysis revealed that the factors which have the
greatest influence on the design factors are beam spacing~ span
length, number of load lanes, and number of beams 0 Based on this
analysis, a new design specification was recommended.
The measured beam deflections were quite small, as can
be noted in Table 130 The maximum beam deflection measured at
the maximum moment section, with single vehicle loading, was 00108
{nches~ With vehicles in all three load lanes, the maximum de~
flections were 0.198 inches for the center beam, and 00169 inches
for the exterior beam (Fig. 19).
Figu~e 26 shows typical examples of neutral axis loca-
tion for various locations of the load vehicleo The neutral axis
of the be-am tended to incline when the vehicular loading·was not
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directly above the beam. This inclination of the neutral axis
indicated some biaxial bending of the beamso In general, the
vertical location of the neutral axis with respect to the pottorn
beam face was highest when the test vehicle was positioned di-
rectly above the beam.
6.2 Moving Load Effect
6.2.1 Moment Coefficients
As shown in Tables 3 - 6 and Fig. 20 ... 25, the moment
coefficients for each individual beam and for the total bridge
response were amplified with speed in an irregular pattern. In
general, the moment·coefficients for individual beams and for the
total bridge response reached the maximums at load vehicle speeds
of approximately 27 and 55 mph. In addition, for the exterior
beam, another maximum is indicated at 42 mph.
In Fig" 28 - 31, the moment coefficients were plotted,
along with curves that represent the crawl run results multiplied
50by the factor (1 + L + 125) ,
In general, for the individual beams, the experimental
amplification was consistently less than ( + L ~Ol25) for the
beam(s) having the highest moment cDefficients with the load
vehicle in a particular laneo On the other hand, the reverse was
true for beams having lower coefficients. These results do ,not
imply that the use of (1 + L~0125) will yield lower-than-actual
values in the design of beams, since the design values are based
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on multi-lane loading conditions. Instead, the experimental
results basically indicate a more uniform distribution of single-
vehicle moving loads than of crawl speed (static) loads.
6.202 Distribution Coefficients
In the speed runs, there·was some change in the distri-
bution coefficients, and in general, the increased vehicular speed
resulted in ,more uniform distribution of the vehicular load among
the beams.
6.2.3 Dynamic Load Factors
Amplification of the static response of the individual
beams was clearly not linearly related to the vehicular speed
(Figo 20 -22) 0 The dynamic response of the individual beams was
quite similar up to 20 mph. From this speed on, the responses
were very.dissimilar. As indicated in Section 6.2.1, in beams
wi th small moment coefficients (Beam A in Fig II 20, - 22), the dy-
namic load factor was larger than (1 + L ~0125)' but in beams
wi th large moment coefficient (Beam C in Fig. 20 - 22) the dynamic
load factor was consistently less than (1 + L ~0125)'
The study of the flexural response of the overall
bridge superstructure indicated similar variations in the dynamic
load factore Figures 23 -25 illustrate the variation in factor
as a.function of speed, as computed by the two methods of flex~
ural analysis (Cases I and II), and from the measured deflectionso
These figures indicate that maximum factors occur at a speed with
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26 mph, with a secondary peak at approximately 5S mph. At speeds
at, and near, the peak values, the experimental dynamic load
50factor was larger than the AASHO factor (1 + L.+ 125)' although
for most speeds, the experimental factor·was less than the design
value •.
6.2.4 Frequencies
The experimental unloaded frequency of the Hazleton
Bridge was 5.75 cycles per secondo This value can be compared
with the theoretical natural frequency, which was based on the
\
first mode of vibration of a simply-supported beam of uniform
cross-section and mass per unit length. The theoretical natural
frequency is given by:
where L = span of the bridge
E = modulus of elasticity of beam concrete
I = moment of inertia of the transformed bridge cross-section
m = mass per unit length of the bridge
The experimental values of modulus of elastic~ty of the
beam concrete were obtained as 7.12 x 10 6 psi a:nd4~51.x 10 6 psi
fron;1 .Cas~s-'·:L'·I-and" "lX, respectively. In computing the moment of in-
ertia of the bridge, the modular ratio of slab concrete to beam
concrete was taken as Oe8. In the computation of the moment of
inertia, the parapets were not taken into account 0 The natural
frequency equation then yields 6.48 cps and 5.16 cps for Cases I
and II, respectively, as compared with the experimental value of
5.75 cps. Three factors may be responsible for the difference
between the measured and the theoretical valueso One factor
would be the value of the modulus of elasticity used in the
equation. Clearly, the value of 4.51 x 10 6 psi, derived in the
Case II calculation, is a reasonable va1ue~ The second factor
would be the magnitude of the moment of inertia 10 By consid~
ering the effect of the parapet sections, the value of I would
have been increased, although probably not enough to raise the
computed frequency from 5.16 cps up to the measured va1ueo The
third factor would be the end support restraint in the structure.
This restraint would result in a measured frequency greater than
the computed value based on the "simple support conditions.
Biggs, Suer, and Louw·~ 2 suggested the expression
for evaluating the unloaded natural frequency of beam~slab super~
structures, based on studies of bridges incorporating steel beams.
This expression is identical to the previous equation, except for
the factor 1.2& However, this factor was an experimentally-based
value which primarily reflects the effects of the end-support
restraints in the test structures. Based on the test of the
Hazleton Bridge, the factor 101 might be suggested for the calcu-
lation' of the natural frequency of the spread box-beam typeo
However, it is felt that the experimental results from one test
structure would certainly be insufficient fo form the basis for a
general recommendation.
- As previously indicated, a study of the dynamic re-
-sponse characteristics of the bridge (Fig. 23 - 25) indica'tes the
presence of, maximum values of the dynamic load factor at speeds
in the 26 mph and S5 mph ranges e The reason for these max,imum
responses can be related to the vibration frequencies of the
superstructure while the load vehicle is passing over the struc-
ture~ The vehicle of constant-weight and speed is generally con-
sidered to produce a quasi-harmonic forcing function which varies
with the speed of the vehicle. In the experimental study, it was
found that at vehicle speeds at, or near, 26 and 55 mph, the
natural frequency of the bridge was very close to the forcing fre-
quency, resulting in the maximum magnifications of static response a
Linger and Hulsbos 1L reported a similar approach. in
which the axle load of the vehicle was mathematically simulated
by a moving cyclial force with variable forcing frequency 0 The
resonance condition"was predicted when the forcing frequency be~
came equal to the natural frequency of the bridge. This study
indicated the probability of near-resonance conditions at two or
more speeds in the practical range of vehicle speeds.
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6~205 Damping Effect
The logarithmic decrements were found to be different
for the different beams~ (Table 27) 0 This is in accord with the
18
observations reported by Varney. The logarithmic decrements
for the Hazleton Bridge ranged from 0.1028 to 001213 and were
. II 18
somewhat larger than prevl0usly reported values 0 ' It can be
stated that the damping characteristics of the bridge lie some-
where between those found for flexible and for stiff composite
steel bridges with spans of about the same length~ as described
19
by Kinnier and McKeel.
602~6 Neutral Axes
The location of the neutral axes for each individual
beam did not change significantly with respect to various vehicle
speeds (Tables 20 -21), indicating that the neutral axes are rel-
atively insensitive to the variation of vehicular speed.
603 Impact Loading Effect
6e301 Distribution Coefficients
Comparisons between the distribution coefficients for
impact runs and crawl runs were made (Figo 32 -35). Since there
were only. minor differences between the distribution coefficients
obtained in Case I and Case II, only the Case II coefficients
were considered. Comparisons showed that changes in the distri-
bution coefficienTS for impact runs were considerably different
for the four load lanes~ There were significant differences
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between crawl and impact run distribution coefficients when the
vehicle was above or near the exterior beam (Fige 32 -33). How-
ever, for the runs in lanes above or near the center beam, the
variation in the crawl and impact distribution coefficients was
considerably less. Furthermore, the lateral distribution of the
impact loads was a little more uniform than the distribution of
static loads 0
6 0 3.2 ~Moment Coefficients and Impact Factors
Since the moment coefficients obtained in Case I and
Case II for crawl runs were different, the moment coefficients
for the impact runs were compared with both Case I and II values
(Figo 36 -39). The moment coefficients for the individual beams
for impact runs were larger than those for crawl runs in both
caseso The impact factors for the individual beams range from
1.5 to 5 0 6 (Table 16). The impact factors for the total bridge
behavior averaged 2.0, 204, and 2.2, based on the moment coeffi-
cients from Case I, the moment coefficients from Case II, and
the deflections, respectively. Thus, under impact loading, the
crawl run response of the-entire bridge was .amplified by the
factor of approximately two.
6.303 Neutral Axes
In the impact runs, th~ locations of the neutral axes
for each beam were generally lower than those for the crawl runs 0
Consequently, the total effective sl~bwidths for the impact runs
were~ in most cases, less than those from crawl runs (Table 22) 0
604 End-Restraint Effect
In this study, two methods were utilized to compute
moment coefficients 0 The first method (Case I) did not include
the effect of longitudinal restraint, while in the second method
(Case II), the effect·was considered. The effects of inclusion
'of the' end restraint are presented in Sections 60401 through 604050
604.1 Distribution Coefficients'
The inclusion of the end-restraint effects in the anal-
ysis of experimental data had practically no effect on the dis-
tribution coefficientso
60402 Moment Coefficients
In computational Case I' (S:ecti6n,,"4:~·1·lJ.6):tne ,bendi,rig ,'.'moment
produceg,.at' ,Section,'·,;M:by th'e' I.oad vehicle':':'which"":was eq,uated,· .. to,· .. the
resisting moment of the entire cross-section of the superstruc-
ture, assuming that there was no restraint at the end supports
and that the measured strains reflected only the effects of flex-
ureo In Case II (Section 4.202), it was assumed that there was a
horizontal end restraint developed at the bottom surface of the
beam, which induced both an axial force and a bending moment 0
This effect was taken into acco~Dt, and the moment coefficients
listed for Case II represent the bending moments for a bridge
with no end restraint. In all cases, the effect of the end
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restraint'was to counteract and reduce the effects produced by
the load vehicle. It is both interesting and significant that
the·consideration of the end restraint had only a negligible
effect on the distribution coefficients, and likewise 9 on the
experimentally-based distribution factors.
6.4.3 Modulus of ,Elasticity
Experimental values for the modulus of elasticity (E )
c
of the beam concrete were obtained from Cases I and II as
7.1 x 10 6 psi and 4.5 x 10 6 psi, respectively. From the ACI
S -f- t- 2~ th 1 f Epeel lea lons, e va ue 0
c
can be estimated from
E = W~·s 33~fT. Assuming that fT = 6000 psi, the ~quation yields
c c c
E = 4.5 X 106 psi. (For fT = 7000 psi, E = 4.8 X 106 psi.) This
c c' '0
comparison indicates that the computational method of Case II yields
~ reasonably accurate appraisal of the end-restraint effects.
6.4.4 Dynamic Load Factors and Impact Factors
I nthe analysi.s of the dynamic behavior of the bridge,
the dynamic load factors developed were relatively unaffected by
the consideration of the end-support effectsQ That is, the
factors resulting from Case I and Case II calculations were very
similar~
6.4.5 Effective Slab Widths
Typical values for the s·um~ of the effective slab
widths for Case I were around 400 inches, while those for Case II
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were around 546 inches. The values indicate the effect of the
compressive force produced by the end restrainto That is, in
Case I, where the effects of the· compressive force are ignored,
~
the apparent tensile stress block produced by the load vehicle is
smaller than if only bending of the section was actually occur-
'ring. Therefore, the effective compressive stress block required
to develop the required total compressive force is smaller, and
the effective slab widths are correspondingly, smaller. In Case
II, the· calculations are based on the realistic assumption that
the entire slab width is effective.
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7~ SUMMARY AND CONCLUSIONS
7Ql Summary
The major objectives of this study,were to develop addi-
tional infor~ation on lateral load distribution for spread box-
'beam type bridges under static design-vehicle loading, and to ex-
perimentally investigate the dynamic effects of moving vehicle
loading and controlled vehicle impact loading 0
The test bridge. consisted of five identical longitudi-
nal precast pr~stressed concrete boxhbeams with a composite, east-
in-place, reinforced concrete slab, and reinforced concrete curbs
and parapetse Strain and deflection gages were applied at the
section where the maximum live load moment occurso A truck simu-
lating AASHO HS 20-44 loading was used as the test vehicle.
Seven test lanes were located on the roadway such that the
center-line of the test vehicle would be centered either directly
above, or directly between the beams~ Twenty-two crawl, 73 speed,
and 11 impact runs of the test vehicle were conducted to generate
.the experimental datao In the speed runs, the speed of the
vehicle was varied from 5 mph to 60 mph, and in the impact runs
the vehicle speed was maintained at 10 mph~
Longitudinal surface strains, vertical deflections, and
loaded and unloaded natural frequencies of vibration were reduced
from the, oscillograph traceso From the strains, the linear
strain distributions and the -locations of the neutral axes were
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obtained. The moment coefficients, experimental live load mo-
ments, distribution coefficients, and effective slab widths were
determined by using two different methods, one ignoring and the
other including the effects of the end restraints 0 The experi-
mental distribution factors were computed from the influence
lines for the distribution coefficientso The experimentally
obtained distribution factors were compared with the design
distribution factors, and with the reported values for the pre-
viously tested Drehersville and Philadelphia Bridges~ The
dynamic load factors for the speed runs, and the impact factors
for the impact runs were determined by two different methodso
These factors were taken as the ,ratio between the moment coeffi-
cients, or deflections, obtained from the dynamic loading (speed
runs and impact runs), and the moment coefficients, or deflec-
tions, resulting from the static loading (crawl runs) 0 The
loaded frequencies of bridge ,vibration under the various vehicle
speeds were utilized to confirm the vehicle speeds at which the
maximum dynamic responses were obtained.
7.2 Conclusions
Based on the field test results of the Hazleton Bridge
the following conclusions were reached:
1. As indicated in all previous field inve~tigations
of spread box-beam bridges, there is a substantial
difference between the experimentally determined
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live load distribution factors and the values de-
rived from design specifications. Experimental
values for the interior beams were considerably less
than design values, while for exterior beams, the
experimental value was greater than the design valueQ
This behavior closely parallels the pattern of test
results from the field tests of five other spread
lObox-beam bridges. Based on an analytical study,
supplemented by the earlier testing and the testing
described in this report, new specification provi-
sions for load distribution have been developed.
These provisions will be presented at the 1972 re-
gional meetings of the AASHO Committee on Bridges
and Structures.
2. In considering the longitudinal flexural stiffness
of the superstructure, it is again demonstrated
that the full composite interaction between the
slab and curb sections should be recognized in cal-
culations, reflecting structural behavior. Actually,
there is additional, partial interaction between
parapet and curb sections.
3. The effects of longitudinal end~support restraint
were taken into account. It was found that the re-
straint had a negligible effect on the distribution
-48-
coefficients, and therefore, did not significantly
influence experimentally determined distribution
factors. On the other hand, consideration of the
restraint did yield substantially larger moment
coefficients, resulting in an experimental value of
6
E = 4g5 x 10 psi. The net effect of the restraint
c
was to produce both axial compression and a reduc~
tion in the resisting bending moment at the test
cross-section.
40 In the speed runs, it was found that maximum ampli-
fication of crawl run response occurred at test ve-,
hicle speeds of 26 and 55 mph. At these critical
speeds, the measured loaded frequency of the super-
structure was very close to the unloaded natural
frequency, while at other speeds, there was a
greater difference between the loaded frequencies
and the unloaded value.
s. The magnitudes of the dynamic load factors were
50greater than (1 + L + 125) for some speeds, both
for individual beams and for the total superstruc-
ture. However, there is no reason to believe that
the total static design load effects would be ampli-
fied to the same degree, since maximum static load
effects are produced with three lanes loaded~
-49~
Therefore, the additional vehicle masses would have
to be taken into account, as well as the changes in
loaded frequencies and the probabilities associated
with the possible occurrence of critical conditions.
These considerations emphasize the need for a good
theoretical analysis of dynamic loads, but also
serve to briefly touch on the complexity of the
problem 0
6, The controlled impact tests produced impact factors
much larger than the dynamic load factors produced
in the speed runs. However, it is emphasized that
this comparison should not be used as a springboard
to premature predictions that the design factor
(1 + L +5~25) is entirely inadequate. Instead, a
test of the type used should serve as valuable in-
put in assessing future analytical methods, as well
as emphasizing the consequences of occasional ran~
domly occurring obstructions on bridge surfaces 0
70 The distribution of the moving vehicle loads, both
in the speed and impact runs, was more uniform than
in the crawl run case, indica~ing that under dynamic
vehicle loading, the superstructure tends to vibrate
primarily in a flexural mode as a beam on simple
supports 0
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8. The test results and description of structural be-
havior contained in this report are not sufficiently
extensive to form the basis for definite implementa~
tion in the form of changes in specifications and
design procedures~ As intended, the value of the
work is primarily (1) in supplementing the earlier
work on load distribution factors, (2) in verify-
ing that there are critical speeds (in the range
0-60 mph) of a load vehicle at which maximum ampli-
fication of crawl run response is achieved, and (3)
in showing that controlLed impact tests can yield
sizeable amplifications of crawl run response. It
is intended that the results will form a data base
for future analytical studies of dynamic load ef-
fects, hopefully resulting in specification provi-
sions which ,will more accurately reflect actual
dynamic load behavior.
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TABLE 1 LIST OF TEST RUNS
Nominal Number
Speed Test Lane Each
(mph) Lane Total
1
2.5 1 through 7 3 22
5.0 3,4,5 1 3
7.5 3,4,5 1 3
10.0 3,4,5 1 3
12.5 3,4,5 1 3
15.0 3,4,5 1 3
17.5 3,4,5 1 3
20.0 3,4,5 1 3
22.5 3,4,5 1 3
25.0 3,4,5 1 3
27.5 3,4,5 1 3
30.0 3,4,5 1 3
32.5 3,4,5 1 3
35.0 3,4,5 1 3
37.5 3,4,5 1 3
40.0 3,4,5 1 3
42.5 3,4,5 1 3
45.0 3,4,5 1 3
47.5 3,4,5 1 3
50.0 3,4,5 1 :a 4
52.5 3,4,5 1 3
55.0 3,4,5 1 3
57.5 3,4,5 1 3
60.0 3,4,5 1 3
3
1 through 1 710.0 7
10.04 1,2,3,4 1 4
1 4 runs in Lane 3
2 2 runs in Lane 4
3 Impact runs at Section M
4 Impact runs at Section Q
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TABLE 2 MOMENT COEFFICIENTS AT SECTION M - CRAWL RUNS
I ~~o
~ I *M
Total Moment at Section M = 915.0 kip-ft
I
Lane 1
lJl
en
Lane 2
I
Case I Lane 3.
Lane 4-
Case II
Lane 1
Lane 2
Lane 3
Lane 4-
Moment Coefficient Modulus of
BEAM Elasticity
A B C D E Total (103 ksi)
56.2* 39.1 17.6 8.0 7.0 127.9 7.15
37.6 42.5 26.0 12.4 8.4 126.9 7.21
26.5 36.9 35.6 17.9 12.8 129.7 7.06
18.6 26.1 40.0 26.0 18.6 129.3 7.07
Ave. 7.12
89.2 61.0 26.9 11.9 10.8 199.8 4.58
59.9 67.2 40.6 18.7 14.0 200.4 4.57
42.9 58.9 57.2 29.0 21.0 209.0 4-.38
29.4 40.2 62.3 40.1 29.4 201.4 4.54
Ave. 4 .. 51
* Units are 10-3 ft_in
2
TABLE 3 MOMENT COEFFICIENTS AND DYNAMIC LOAD FACTQRS AT SECTION M
Vehicle in Lane 3, Case I
Moment Coefficient (M.C.) --- Units are 10-3 ft-in2
M.C. at Speed
Dynamic Load Factor (DLF)m = M.C. at Crawl
I
U1
.......
I
SPEED
(mph)
Crawl
5.8
8.0
10.4-
12.7
15.8
17.8
19.2
22.4
24.6
26.5
30.4
31.3
34.8
38.3
4-0.1
42.7
45.8
49.8
50.4
53.2
54.7
57.2
59.7
BEAM A BEAM B BEAM C BEAM D BEAM E TOTAL
M.C. (DLF)m M. C. (DLF) m M.C. (DLF)m M.C. (DLF)m M.C. (DLF)m M.C. (DLF)m
26.5 1.00 36.9 1.00 35.6 1.00 17.9 1.00 12.8 1.00 129.7 1.00
28.7 1.08 38.8 1.05 36.5 1.03 20.4- 1.14- 13.9 1.09 138.3 1.07
29.7 1.12 42.1 1.14- 37.6 1.06 20.3 1.13 14.6 1.14 144.3 1.11
29.6 1.12 37.6 1.02 36.1 1.01 20.2 1.13 14.1 1.10 137.6 1.06
31.0 1.17 42.7 1.16 38.9 1.09 22.2 1.24 16.5 1.29 151.3 1.17
29.6 1.12 41.4- 1.12 40.3 1.13 20.4- 1.14- 15.8 1.24 147.5 1.14-
32.3 1.22 43.7 1.18 42.2 1.19 24-.0 1.14- 18.0 1.4-1 160.2 1.24-
32.6 1.13 41.8 1.13 4-0.7 1.14 23.3 1.30 17.9 1.40 156.3 1.21
34.5 1.30 40.3 1.09 38.8 1.09 25.3 1.4-1 18.0 1.40 156.9 1.21
35.5 1.34- 41.6 1.13 39.2 1.10 23.8 1.33 18.5 1.45 158.6 1.22
35.5 1.34- 42.2 1.14- 39.7 1.12 26.7 1.49 22.5 1.76 166.6 1.28
29.4- 1.10 36.2 0.98 38.4- 1.08 26.6 1.48 20.9 1.63 151.5 1.17
31.1 1.17 35.0 0.95 35.2 0.99 24.0 1.34- 17.6 1.38 14-2.9 1.10
32.1 1.21 36.9 1.00 37.9 1.07 22.9 1.28 17.7 1.38 147.5 1.14-
34.1 1.29 36.8 1.00 34.8 0.98 21.2 1.18 15.3 1.20 14-2.2 1.10
32.7 1.24- 37.1 1.01 35.9 1.01 21.1 1.17 14.5 1.14 14-1.3 1.09
30.3 1.14- 35.5 0.96 35.3 0.99 20.4- 1.14- 16.3 1.27 137.8 1.06
30.5 1.15 38.2 1.04- 39.2 1.10 23.8 1.33 21.7 1.70 153.4- 1.18
35.1 1.33 40.2 1.09 38.8 1.09 24.4- 1.36 19.1 1.49 157.6 1.22
32.6 1.23 38.6 1.05 35.5 1.00 23.3 1.30 17.3 1.35 14-7.3 1.14-
31.6 1.19 39.8 1.08 37.0 1.04 23.8 1.33 19.0 1.49 151.2 1.17
33.5 1.26 41.4 1.12 37.1 1.04 23.8 1.33 18.5 1.45 154.3 1.19
33.3 1.26 40.5 1.10 38.7 1.09 23.6 1.31 19.8 1.55 155.9 1.20
32.4- 1.22 40.2 1.09 39.6 1.12 22.4- 1.25 19.0 1.48 153.6 1.18
TABLE 4- MOMENT COEFFICIENTS AND DYNAMIC LOAD FACTORS AT SECTION M
Vehicle in Lane 3, Case II
Moment Coefficient (M.C.) --- Units are 10-3 ft-in2
M.e. at Speed
Dynamic Load Factor (DLF)m = M.e. at Crawl
I
U1
00
I
SPEED
(mph)
Crawl
5.8
8.0
10.4
12.7
15.8
17.8
19.2
22.4-
24.6
26.5
30.4-
31.3
34.8
38.3
40.1
42.7
45.8
49.8
50.4-
53.2
54.7
57.2
59.7
BEAM A BEAM B BEAM C BEAM D BEAM E TOTAL
M.C. (DLF)m M.C. (DLF) m M.C. (DLF)m M.C. (DLF)m M.C. (DLF)m M.C. (DLF)m
42.9 1.00 58.9 1.00 57.2 1.00 29.0 1.00 21.0 1.00 209.0 1.00
43.0 1.00 57.5 0.98 53.7 0.94- 29.8 1.03 20.9 1.00 204.9 0.98
45.7 1.07 63.7 1.08 57.0 1.00 30.3 1.05 22.7 1.08 219.4 1.05
47.9 1.12 59.7 1.01 57.3 1.00 31.6 1.09 22.9 1.09 219.4- 1.05
49.0 1.14- 65.9 1.12 60.3 1.05 33.9 1.17 26.1 1.24- 235.2 1.13
46.4- 1.08 63.9 1.09 62.2 1.09 31.1 1.07 25.1 1~20 228.7 1.10
58.7 1.37 76.5 1.30 74.2 1.30 41.6 1.44- 32.4 1.55 283.4- 1.36
50.7 1.18 64-.0 1.09 62.5 1.09 35.2 1.22 28.1 1.34 240.5 1.15
63.1 1.47 71.0 1.21 68.2 1.19 44.1 1.52 32.6 1.56 279.0 1.34
62.6 1.46 71.2 1.21 67.4 1.18 40.4- 1.39 32.7 1.56 274.3 1.32
63.9 1.49 73.5 1.25 69.2 1.21 46.2 1.59 40.7 1.94 293.5 1.41
51.5 1.20 62.0 1.05 65.8 1.15 45.0 1.55 37.0 1.76 261.3 1.26
52.9 1.23 57.8 1.02 58.3 1.02 39.2 1.35 29.9 1.42 238.1 1.14
51.8 1.21 58.7 1.00 60.1 1.05 36.0 1.24 28.6 1.36 235.2 1.13
57.5 1.34- 60.2 1.02 57.0 1.00 34.2 1.18 25.8 1.23 234.7 1.13
53.0 1.24- 58.9 1.00 56.9 0.99 33.0 1.14- 23.7 1.13 225.5 1.08
49.7 1.16 56.7 0.96 56.6 0.99 32.2 1.11 26.8 1.28 222.0 1.07
48.7 1.14 59.8 1.02 61.6 1.08 36.9 1.27 35.0 1.67 242.0 1.16
55.4 1.29 62.1 1.05 59.9 1.05 37.2 1.28 30.2 1.44 244.8 1.18
51.9 1.21 60.4- 1.03 55.7 0.98 36.2 1.25 27.7 1.32 231.9 1.11
61.0 1.42 73.9 1.25 68.7 1.20 44.3 1.53 36.5 1.74 284.4- 1.36
60.0 1.40 72.2 1.23 64.8 1.13 41.2 1.42 33.4 1.59 271.6 1.30
63.1 1.47 73.7 1.24 70.4- 1.23 42.5 1.47 37.6 1.79 287.3 1.38
50.2 1.17 61.5 1.04- 60.5 1.06 33.8 1.17 29.8 1 .. 42 235.8 1.12
TABLE 5 MOMENT COEFFICIENTS AND DYNAMIC LOAD FACTORS AT SECTION M
Vehicle in Lane 4-, Case I
Moment Coefficient (M.C.) --- Units are 10-3 ft-in 2
Dynamic Load Factor (DLF) = M.e. at Speed
m
I
111
r..o
I
SPEED
(mph)
Crawl
6.1
8.0
10.2
12.5
15.6
16.8
19.5
22.5
25.1
26.8
30.2
32.5
33.2
37.0
40.1
41.6
43.5
47.0
51.4
54.5
54.7
57.2
59.8
BEAM A BEAM B BEAM C BEAM D BEAM E TOTAL
M.C. (DLF) M.C. (DLF) M.C. (DLF) M.C. (DLF) M.C. (DLF) M.C. (DLF)
m m m m m m
18.6 1.00 26.1 1.00 26.0 1.00 26.0 1.00 18.6 1.00 129.3 1.00
19.9 1.07 28.3 1.08 42.2 1.06 28.3 1.08 19.8 1.07 138.5 1.07
21.2 1.14- 29.2 1.11 42.8 1.07 29.2 1.11 21.2 1.14 143.6 1.11
20.6 1.11 28.2 1.08 41.3 1.03 28.2 1.08 20.5 1.11 138.8 1 .. 07
21.5 1.16 30.8 1.17 4-8.8 1.14- 30.8 1.18 21.5 1.16 153.4- 1.19
21.4- 1.15 29.8 1 .. 14- 4-5.7 1.14 29.8 1.14- 21.4- 1.15 148.1 1.15
23.0 1.24- 30.0 1.15 47.6 1.19 30.0 1.15 23.0 1.24- 153.6 1.19
23.1 1.24- 32.4- 1.24- 45.6 1.14- 32.4- 1.24- 23.1 1.24- 156 .. 6 1 .. 21
22.4- 1.20 31.2 1.20 4-8.5 1.21 31.2 1.20 22.4- 1.20 155.7 1.20
24.6 1.32 32.2 1.23 45 .. 5 1.14 32.2 1.23 24.6 1.32 161.1 1.25
28.3 1.52 34.4- 1.32 44.7 1.12 34.4- 1.32 28.2 1.42 170.0 1.32
22.2 1.19 30.3 1.16 39.5 0.99 30.4- 1.16 22.2 1.19 144.6 1.12
24-.4- 1.31 30.1 1.15 39.5 0.99 30.1 1.15 24-.3 1.31 14-8.4- 1.15
22.6 1.22 27.7 1.06 4-0.7 1.02 27.7 1.06 22.6 1.22 141.3 1.09
23.1 1.24- 30.4 1.16 39.5 0.99 30.4 1.17 23.1 1.24- 14-6.5 1.13
25.5 1.37 30.4 1.16 3-9.0 0.98 30.4- 1.17 25.5 1.37 150.8 1.17
27.5 1.48 31.9 1.22 39.4- 0.99 31.9 1.22 27.5 1.48 158.2 1.22
28.7 1.54 31.7 1.21 40.9 1.02 31.8 1.22 28.7 1.54 161.8 1.25
25.9 1.39 31.1 1.19 4-1.9 1.05 31.2 1.20 25.9 1.39 156.0 1.21
24.6 1.32 30.9 1.18 40.2 1.01 30.9 1.19 24.6 1.32 151.2 1.17
25.8 1.39 30.4 1.16 4-1.1 1.03 30.4 1.17 25.8 1.39 153.5 1.19
26.1 1.41 31.7 1.21 41.3 1.03 31.7 1.22 26.1 1.4-1 156.9 1.21
24.9 1.34 29.9 1.14- 4-3.7 1.09 29.9 1.15 24.8 1.34- 153.1 1.18
24.2 1.30 29.3 1.12 42.9 1.07 29.3 1.13 24.2 1.30 149.9 1.16
1'ABLE 6
\
MOMENT COEFFICIENTS AND DYNAMIC LOAD FACTORS AT SECTION M
Vehicle in Lane 4, Case II
Moment Coefficient eM.C.) --- Units are 10-3 ft-in 2
Dynamic Load Factor (DLF) = M.C. at Speed
m M
I
O!
o
I
SPEED
(mph)
Crawl
6.1
8.0
10.2
12.5
15.6
16.8
19.5
22.5
25.1
26.8
30.2
32.5
33.2
37.0
40.1
41.6
43 .. 5
47.0
51 .. 4
54.5
54 .. 7
57.2
59.8
BEAt'-1 A BEAM B BEAM C BEAM D BEAM E TOTAL
M.C. (DLF) M.C. (DLF) M.C. (DLF) M.C. (DLF) M. C. (DLF) M.C. (DLF)
m m ill m m m
29.4 1.00 40.2 1.00 62.2 1.00 40.1 1.00 29.4 1.00 201.3 1.00
30.9 1.07 43.2 1.08 65.1 1.05 43.2 1.08 30.9 1.05 213.3 1.06
32.5 1.11 43.8 1.09 64.9 1.04 43.9 1.09 32.5 1.11 217.6 1.08
32.3 1.10 44.4 1.10 65.8 1.06 44.4 1.11 32.2 1.10 221.1 1.10
34.7 1.18 48.3 1.20 77.2 1.24 48.2 1.20 34.7 1.18 243.1 1.21
34.3 1.17 46.5 1.16 72.1 1.16 46.5 1.16 34 .. 3 1.17 233.7 1.16
42.0 1.43 52.9 1.32 85.2 1.37 53.0 1.32 42.0 1.43 275.1 1.37
38.3 1.30 52.4 1.31 74.2 1.19 52 .. 4 1.31 38.3 1.30 255.6 1.27
39.6 1.35 53.4 1.33 84.1 1.35 53.4 1.33 39.6 1.35 270.1 1.34
44.4 1.51 57.5 1.43 79.8 1.28 57.5 1.43 44.3 1.51 283.5 1.41
49 .. 4 1.68 57.6 1.43 76.0 1.22 57.5 1.43 49.4 1.68 289.9 1.44
39.4 1.34 51.7 1.28 67 .. 9 1.09 51.6 1.28 39.1 1.34 249.7 1.24
39.6 1.35 47.6 1 .. 18 63 .. 1 1.01 47.5 1.18 39.6 1.35 237.4 1.18
38 .. 1 1.30 45.1 1.12 67.0 1.08 45.1 1.12 38.0 1.30 233.3 1.16
38.2 1.30 48.9 1.22 64.3 1.03 49.0 1.22 38.2 1.30 238 .. 6 1.18
41.1 1.40 47.4 1.18 61.5 0.99 47.4 1.18 41.0 1.40 238.4 1.18
44.8 1.53 50.3 1.25 62.6 1.01 50.4 1.25 44.8 1.53 252.9 1.26
47 .. 1 1.60 50.2 1.25 65.0 1.04 50.2 1.25 47.1 1.60 259.6 1.29
42.9 1.46 50.0 1.24 68.0 1.09 50.0 1.24 42.9 1.46 253.8 1.26
40.7 1.39 46.8 1.17 67.5 1.09 46.7 1.17 40.7 1.39 242 .. 4 1.20
50.5 1.72 56.9 1 .. 42 77.6 1.25 56.9 1.42 50.5 1.72 292.4 1.45
48.1 1.64 55.7 1.39 73.2 1.18 55.7 1.39 48.0 1.64 280.7 1.40
47.0 1.60 54.4 1.35 80.4 1.29 54.4 1.35 47.1 1.60 283.4 1.41
40.2 1.37 47.0 1.17 69.5 1.12 47.0 1.17 40.2 1.37 243.9 1.21
Lane 1
Lane 2I
Case I
Lane 3
m
!--J
I
Lane 4
Case II
TABLE 7
Lane 1
Lane 2
Lane 3
Lane 4
MOMENT COEFFICIENTS AT SECTION M - IMPACT RUNS
; ~East
o i"O"mph
o A
M
BEAM
TOTAL
A B C D E
82.6* 64.6 36.4 31.7 39.0 254.3
63.4 70.5 53.5 36.0 30.0 253.4
49.4 65.1 71.7 44.6 30.3 261.1
37.7 54.1 77.6 54.1 37.6 261.1
154.8 117.1 64.7 57.2 73.7 467.5
122.8 130.3 98.1 65.8 58.0 475.0
95.2 120.8 134.1 82.5 58.6 491.2
73.1 100.5 146.0 100.5 73.1 493 .. 2
*
. 10-3 f · 2Unlts are t-ln
TABLE 8 DISTRIBUTION COEFFICIENTS AT SECTION M - CRAWL RUNS
I ld=!=a~0 _
~- I ~
M
- .. _ Moment Coefficient (100)
Distributlon Coefflclent - ~ Moment Coefficients
I
Lane 101N
Lane 2
I
Case I
Lane 3
Lane 4
Case II
Lane 1
Lane 2
Lane 3
Lane 1+
BEAM
A B C D E
43.9 30.6 13.8 6.2 5.5
29.6 33.6 20.4 9.8 6.6
20.4 28.5 27.5 13.8 9.8
14.4 20.1 31.0 20.1 14.4
44.6 30.4 13.6 6.0 5.4
30.2 33.4 20.2 9.5 6.7
20.7 28.3 27.4 13.6 10.0
14.6 20.0 30.9 19.9 14.6
TABLE 9 DISTRIBUTION COEFFICIENTS AT SECTION M - SPEED RUNS
Vehicle in Lane 3
Moment Coefficient
Distribution Coefficients = E Moment Coefficients (100)
I
en
lJJ
I
SPEED
(mph)
Crawl
5.8
8.0
10.4-
12.7
15.8
17.8
19.2
22.4-
24.6
26.5
30.4-
31.3
34-.8
38.3
40.1
4-2.7
45.8
4-9.8
50.4
53.2
54.7
57.2
59.7
Ci\SE I CASE II
REl\M BEAM
A B C D E A B C D E
20.4 28.5 27.5 13.8 9.8 20.7 28.3 27.4- 13.6 10.0
20.8 28.1 26.3 14.7 10.1 21.0 28.1 26.2 14.5 10.2
20.6 29.2 26.0 14-.1 10.1 20.8 29.1 26.0 13.8 13.3
21.5 27.4- 26.2 14.7 10.2 21.8 27.2 26.2 14.4 10.4-
20.5 28.2 25.7 14.7 10.9 20.8 28.1 25.6 14-.4- 11.1
20.1 28.0 27.3 13.8 10.8 20.3 27.9 ?7.2 13.6 11.0
20.2 27.2 26.3 15.0 11.3 20.7 27.0 26.2 14.7 11.4-
20.9 26.7 26.1 14.9 11.4- 21.1 26.6 26.0 14.6 11.7
22.0 25.7 24.7 16.2 11.4- 22.6 25.5 24.4- 15.8 11.7
22.4- 26.2 24-.7 15.0 11.7 22.8 26.0 24.6 14.7 11.9
21.3 25.3 23.9 16.0 13.5 21.8 25.0 23.6 15.7 13.9
19.4- 23.9 25.3 17.6 13.8 19.7 23.7 25.2 17.2 14-.2
21.8 24.5 24-.6 16.8 12.3 22.2 24-.3 24-.5 16.4- 12.6
21.8 25.0 25.7 15.5 12.0 22.0 25.0 25.6 15.3 12.1
24.0 25.8 24-.5 14.9 10.8 24.5 25.6 24-.3 14.6 11.0
23.1 26.3 25.4- 14.9 10.3 23.5 26.1 25.2 14-.7 10.5
22.0 25.7 25.7 14.8 11.8 22.4- 25.5 25.5 14.5 12.1
19.9 24.9 25.5 15.5 14.2 20.1 24-.7 25.5 15.2 14.5
22.3 25.5 24.7 15.4- 12.1 22.6 25.4 24-.5 15.2 12.3
22.1 26.2 24.1 15.8 11.8 22.4 26.1 24-.0 15 '-6 11.9
20.9 26.3 24.5 15.7 12.6 21.4- 26.0 24-.2 15.6 12.8
21.7 26.8 24.1 15.4 12.0 22.1 26.6 23.9 15.2 12.3
21.4 26.0 24-.8 15.1 12.7 21.9 25.7 24.5 14.8 13.1
21.1 26.2 25.8 14.6 12.3 21.3 26.1 25.7 14.3 12.6
TABLE 10 DISTRIBUTION COEFFICIENTS AT SECTION M - SPEED RUNS
Vehicle in Lane 4
Distribution Coefficient = Moment Coefficient (100)
I
01
..f=
I
SPEED
(mph)
Crawl
6.1
8.0
10.2
12.5
15.6
16.8
19.5
22.5
25.1
26.8
30.2
32.5
33.2
37.0
40.1
41.6
43.5
47.0
51.4-
54.5
54. 7
57.2
59 .. 8
CASE I CASE II
BEAM BEAM
A B C D E A B C D E
14.4 20.1 31 .. 0 20-.1 14.4 14.6 20.0 30.9 19 .. 9 14.6
14.3 20.4 30.5 20.5 14.3 14.5 20.2 30.5 20.3 14.5
14.7 20.3 29.9 20.4 14.7 15.0 20.1 29.8 20.1 15.0
14.8 20.3 29.7 20.4- 14.8 15.1 20.1 29.7 20.1 15.0
14.1 20.0 31.8 20.0 14.1 14.2 19.9 31.8 19.9 14.2
14.4 20.1 30.9 20.2 14.4 14.7 19.9 30.9 19.9 14.6
15.0 19.5 31.0 19.5 15.0 15.2 19.3 31.0 19.3 15.2
14.8 20.7 29.1 20.7 14.7 15.0 20.5 29.0 20.5 15.0
14-.5 20.0 31.1 20.0 14-.4- 14-.6 19.8 31.2 19.8 14.6
15.3 20.6 28.2 20.6 15.3 15.6 20.3 28.2 20.3 15.6
16.7 20.2 26.3 20.2 16.6 17.0 19.9 26.2 19.9 17.0
15.4- 21.0 27.3 21.0 15.3 15.7 20. 7 27.2 20.7 15.7
16.4- 20.3 26.6 20.3 16.4 16.7 20.0 26.6 20.0 16.7
16.0 19.6 28.8 19.6 16.0 16.4- 19.3 28.7 19.3 16.3
15.8 20.7 27.0 20.7 15.8 16.0 20.5 27.0 20.5 16.0
16.9 20.2 25.9 20.2 16.8 17.2 19.9 25.8 20.0 17.2
17.4- 20.1 24.9 20.2 17.4- 17.7 19.9 24.8 19.9 17.7
17.8 19.6 25.3 19.6 17.7 18.1 19.4 25.0 19.4- 18.1
16.6 20.0 26.8 20.0 16.6 16.9 19.7 26.8 19.7 16.9
16.2 20.5 26.6 20.5 16.2 16.8 19.3 27.8 19.3 16.8
16.9 19.7 26.8 19.7 16.8 17.2 19.5 26.6 19."5 17.2
16.7 20.2 26.3 20.2 16.6 17.1 19.8 26.1 19.9 17.1
16.2 19.5 28.6 19.5 16.2 16.6 19.2 28.3 19.2 16.7
16.2 19.5 28.6 19.5 16.2 16.5 19.2 28.5 19.3 15.5
TABLE 11 DISTRIBUTION COEFFICIENTS AT SECTION M - IMPACT RUNS
I ~ East
c- (2 l(1 ~ph
M :t6.
Distribution Coefficient = ~ Moment Coefficient (~Ar • ~ ~~. • 100)
I
Lane 1
G'l
U1
Lane 2
I
Ca.se I
Lane 3
Lane 4
Case II
Lane 1
Lane 2
Lane 3
Lane 4
BEAM
A B C D E
32.5 25.4 14.3 12.5 15.3
25.0 27.8 21.1 14.2 11.9
18.9 24.9 27.5 17.1 11.6
14.5 20.7 29.7 20.6 14.4
33.1 25.1 13.8 12.2 15.8
25.9 27.4 20.6 13.9 12.2
19.4- 24.6 27.3 16.8 11.9
14.9 20.3 29.6 20.3 14.9
TABLE 12 DEVELOPMENT OF EXPERIMENTAL DISTRIBUTION FACTORS
I
Ol
en
I
Values from Influence Lines
Distribution Factors Experi-
Beam Design Lane mental
Total Design
Left Center Right IrrC+R Experimental Design
A 46.0 16.3 5.7 68.0 1.360 1.158 1.174
32.9 24.5 7.8 65.2
S S 0.755B 1.304 = 7.4 1.727 = 5.5
17.1 30.9 17.1 65.1
S S 0.754C 1.302 = 7.4 1.727 = 5.5
TABLE 13 BEAM DEFLECTIONS AT SECTION M - CRAWL RUNS AND IMPACT RUNS
Lane 1
Crawl Runs
Lane 2
I
Lane 3
en
--......,J
I
Lane 4
Impact Runs
at 10 mph
Lane 1
Lane 2
Lane 3
Lane 4
BEAM
A B C D E
0.108* 0.088 0.040 0.022 0.011
0.080 0.093 0.063 0.034 0.018
0.055 0.083 0.079 0.04-8 0.026
0.035 0.065 0.085 0.065 0.035
0.183 0.152 0.100 0.082 0.083
0.137 0.166 0.138 0.096 0.066
0.108 0.158 0.172 0.125 0.064-
0.080 0.140 0.182 0.140 0.080
* Units are inches
TABLE 14 BEAM DEFLECTIONS AND DYNAMIC LOAD FACTORS AT SECTION M
Vehicle in Lane 3
Beam Deflection (6) --- Units are inches
Dynamic Load Factor (DLF)d == 5 at Speed
o at Crawl
I
01
00
I
SPEED
(mph)
Crawl
5.8
8.0
10.4
12.7
15.8
17.8
19.2
22.4
24.6
26 .. 5
30.4
31.3
34.8
38.3
40.1
42.7
45.8
49.8
50.4
53 .. 2
54.7
57.2
59.7
BEAM A BEAM B BEAM C BEAM D BEAM E
0 (DLF) d <5 (DLF) d 0 (DLF) d <5 (DLF) d <5 (DLF) d
0.055 1.00 0 .. 083 1.00 0.079 1.00 0.048 1.00 0.026 1.00
0.055 1.00 0.085 1.02 0.083 1.05 0.048 1.00 0.025 0.96
0.061 1.11 0.089 1.07 0.084 1.06 0.049 1.02 0.027 1.04-
0.057 1.04 0.086 1.03 0.084 1.06 0.052 1.08 0.028 1.08
0.064 1.17 0.095 1.14 0.093 1.18 00052 1.08 0.034 1.31
0.056 1.02 0.094- 1.13 0.086 1.09 0.049 1.02 0.029 1.12
0.064 1.16 0.095 1.14 0.093 1.18 0.060 1.25 0.035 1.35
0.065 1.19 0.095 1.14- 0.092 1.16 0.059 1.23 0.035 1.35
0.064- 1.16 0.096 1.15 0.098 1.14 0.062 1.29 0.034- 1.31
0.070 1.28 0.106 1.27 0.094 1.19 0.061 1.27 0.036 1.39
0.070 1.28 0.104 1.25 0.098 1.14 0.066 1.38 0.04-2 1.62
0.058 1.06 0.088 1.06 0.088 1.11 0.067 1.4-0 0.039 1.50
0.060 1.10 0.089 1.07 0.084- 1.06 0.060 1.25 0.033 1.27
0.059 1.08 0.087 1.05 0.092 1.16 0.057 1.19 00039 1.50
0.071 1.29 0.093 1.02 0.088 1.11 0.052 1.08 0.028 1.08
0.066 1.21 0.091 1.10 0.092 1.16 0.053 1.10 0.028 1 .. 08
0.061 1.11 0.087 1.05 0.085 1.08 0.053 1.10 0.031 1.19
0.063 1.14 0.095 1.14 0.093 1.18 0.059 1.23 0.04-1 1.58
0.069 1.26 0.098 1.18 0.099 1.25 0.060 1.25 0.038 1.4-6
0.067 1.22 0.095 1.14 0.093 1.18 0.059 1.23 0.035 1.35
0.070 1.27 0.098 1.18 0.096 1 .. 22 0.068 1.42 0.039 1.50
0.068 1.24- 0.097 1.17 0.089 1.13 0.062 1.29 0.037 1.42
0.066 1.21 0.096 1.16 0.093 1.18 0.063 1.31 0.041 1.58
0.066 1.21 0.090 1.08 0.088 1.11 0.057 1.19 0.038 1.46
TABLE 15 BEAM DEFLECTIONS AND DYNAMIC LOAD FACTORS AT SECTION M
Vehicle in Lane 4-
Beam Deflection (6) --- Units are inches
Dynamic Load Factor (DLF)d _ 6 at Speed
-g at Crawl
I
01
LD
I
SPEED
(mph)
Crawl
6.1
8.0
10.2
12.5
15.6
16.8
19.5
22.5
25.1
26.8
30.2
32.5
33.2
37.0
4-0.1
4-1.6
43.5
47.0
51.4-
54-.5
54.7
57.2
59.8
BEAM A BEAM B BEAM C BEAM D BEAM E
0 (DLF) d 6 (DLF) d 0 (DLF) d 0 (DLF) d 0 (DLF) d
0.035 1.00 0.065 1.00 0.085 1.00 0.065 1.00 0.035 1.00
0.036 1.03 0.066 1.02 0.091 1.07 0.066 1.02 0.036 1.03
0.04-0 1.14- 0.068 1.05 0.093 1.09 0.068 1.05 0.040 1.14
0.041 1.17 0.070 1.08 0.092 1.08 0.070 1.08 0.041 1.17
0.044 1.26 0.076 1.17 0.102 1.20 0.076 1.17 0.044- 1.26
0.042 1.20 0.072 1.11 0.094- 1.11 0.072 1.11 0.042 1.20
0.043 1.23 0.076 1.17 0.100 1.18 0.076 1.17 0.043 1.23
0.046 1.32 0.074- 1.14- 0.103 1.21 0.074- 1.14 0.046 1.32
0.043 1.23 0.077 1.18 0.103 1.21 0.077 1.18 0.043 1.23
0.051 1.4-6 0.084- 1.29 0.109 1.28 0.084- 1.29 0.051 1.46
0.054- 1.54 0.088 1.35 0.112 1.32 0.088 1.35 0.054 1.54
0.04-2 1.2-0 0.074- 1.14- 0.098 1.15 0.074- 1.14- 0.042 1.20
0.044 1.26 0.073 1.12 0.098 1.15 0.073 1.12 0.04-4 1.26
0.041 1.17 0.071 1.09 0.097 1.14- 0.071 1.09 0.041 1.17
0.046 1.32 0.075 1.15 0.098 1.15 0.075 1.15 0.046 1.32
0.050 1.4-3 0.073 1.12 0.096 1.13 0.073 1.12 0.050 1.43
0.054- 1.54- 0.076 1.17 0.093 1.09 0.076 1.17 0.054 1.54
0.055 1.57 0.077 1.18 0.099 1.17 0.077 1.18 0.055 1.57
0.053 1.53 0.078 1.20 0.103 1.21 0.078 1.20 0.053 1.52
0.051 1.46 0.078 1.20 0.101 1.19 0.078 1.20 0;051 1.46
0.053 1.52 0.082 1.26 0.100 1.18 0.082 1.26 0.053 1.52
0.053 1.52 0.078 1.20 0.100 1.18 0.078 1.20 0.053 1.52
0.053 1.52 0.080 1.23 0.098 1.15 0.080 1.23 0.053 1.52
0.052 1.49 0.072 1.11 0.095 1.12 0.072 1.11 0.052 1.49
I
""""-J
o
I
Case I
Case II
TABLE 16
Lane 1
Lane 2
Lane 3
Lane 4
Lane 1
Lane 2
Lane 3
Lane 4
IMPACT FACTORS AT SECTION M - BASED ON MOMENT COEFFICIENTS
(IF) = Moment Coefficient at Impact
m Moment Coefficient at Crawl
I LJ.!:-, East
-~_~ __ IOmph
~ IM 4
BEAM Total*Bridge
A B C D E Behavior
1.47 1.66 2.07 3.97 5.58 1.98
1.69 1.66 2.06 2.91 3.58 1.97
1.87 1.77 2.02 2.54- 2.37 2.03
2.03 2.08 1.94 2.08 2.03 2.03
1.74 1.92 2.41 4.78 4.84- 2.31
2.05 1.94 2.42 3.51 4-.14 2.34-
2.22 2.05 2.35 2.84- 2.79 2.42
2.49 2.50 2.35 2.50 2.49 2.43
* (IF)m = ~ Moment Coefficient at Impact~ Moment Co~fficient at Crawl
TABLE 17 IMPACT FACTORS AT SECTION M - BASED ON DEFLECTIONS
(IF) = Def1ect~on at Impact
d Deflectlon at Crawl
i ~East
~ Q ~'OT
I
-.......J
J--l
I
Lane 1
Lane 2
Lane 3
Lane 4
BEAM Total*Bridge
A B C D E Behavior
1.52 1.73 2.49 3.74- 7.52 2.15
1.72 1.78 2.17 2.84- 3.67 2.12
1.98 1.90 2.18 2.61 2.49 2.18
2.26 2.15 2.13 2.15 2.26 2.15
* (IF) d =
[1.2 (oA + 0E) + 0B + 0c + 0D] Impact
[1.2 (5 A + 0E) + 0B + 0e + aD] Crawl
o = deflection of each beam
TABLE 18 DYNAMIC LOAD FACTORS - TOTAL BRIDGE BEHAVIOR
n
a; M.C.) Speed
1.(DLF)m = n
~ M.C.) Crawl
1.
M.C. = Moment Coefficient
[1.2 ~A + 0E) + 0B + 0c + ° ] Speed(n~d = D[1.2 (OA + 0E) + 0B + 0c + On] Crawl
o = Deflection of Each Beam
I
'.J
N
J
SPEED
(mph)
5.8
8.0
10.4
12.7
15.8
17.8
19.2
22.4-
24-.6
26.5
30.4
31.3
34.8
38.3
40.1
42.7
45.8
49.8
50.4-
53.2
54.7
57.2
59.7
VEHI CLE IN LANE 3
CASE I CASE II DEFLECTION
1.07 0.98 1.01
1.11 1.05 1.08
1.06 1.05 1.07
1.17 1.13 1.18
1.14 1.10 1.10
1.24 1.36 1.21
1.21 1.15 1.21
1.21 1.34- 1.23
1.22 1.32 1.28
1.29 1.4-1 1.33
1.17 1.26 1.22
1.10 1.27 1.14-
1.14 1.13 1.17
1.10 1.13 1.17
1.09 1.08 1.15
1.06 1.07 1.11
1.18 1.16 1.23
1.22 1.18 1.27
1.14- 1.11 1.22
1.17 1.36 1.29
1.19 1.30 1.23
1.20 1.38 1.26
1.18 1.12 1.19
SPEED
(mph)
6.1
8.0
10.2
12.5
15.6
16.8
19.5
22.5
25.1
26.8
30.2
32.5
33.2
37.0
40.1
41.6
43.5
47.0
51.4
54.5
54.7
57.2
59.8
VEHI CLE IN LANE 4-
CASE I CASE II DEFLECTION
1.07 1.06 1.02
1.11 1.08 1.08
1.07 1.10 1.08
1.19 1.21 1.18
1.15 1.16 1.12
1.19 1.37 1.19
1.21 1.27 1.18
1.20 1.34 1.19
1.25 1.41 1.31
1.32 1.44- 1.38
1.12 1.24 1.14
1.15 1.18 1.15
1.09 1.16 1.11
1.13 1.18 1.18
1.17 1.18 1.19
1.22 1.26 1.23
1.25 1.29 1.28
1.21 1.26 1.28
1.17 1.20 1.25
1.19 1.45 1.29
1.21 1.40 1.27
1.18 1 .. 41 1.27
1.16 1.21 1.20
TABLE 19 LOCATION OF NEUTRAL AXES - CRAWL AND IMPACT RUNS
42
-~{ LI
j~
-
---
--
• I -II
YL YR
l' 11
-----
I Lane 1
"""-...J
W
I
Crawl Lane 2
Runs Lane 3
Lane 4
Lane 1
Impact Lane 2Runs
Lane 3
at
10 mph Lane 4
BEAM A BEAM B BEAM C BEAM D BEAM E
YL YR YL YR YL YR YL YR YL YR
35.8* 34.2 30.1 33.2 24.6 30.8 21.0 31.2 27.3 37.7
34-.8 31.1 31.8 33.1 27.9 32.5 26.1 30.7 25.3 36.7
33.7 28.5 33.0 31.1 30.7 33.8 26.3 30.7 27.6 35.4
35.5 27.1 31.4 29.3 32.2 32.2 29.3 31.4 27.1 35.5
33.3 31.5 28.8 31.5 25.0 28.2 27.0 29.4 30.9 34.6
32.6 30.0 30.8 30.8 27.9 30.1 26.4 29.8 28.0 33.0
32.6 28.5 30.9 29.1 29.4- 31.1 26.7 30.0 25.3 33.0
35.9 26.8 30.7 30.2 31.4 31.4- 30.2 30.7 26.8 35.9
* Units are inches
TABLE 20 LOCATION OF NEUTRAL AXES - SPEED RUNS
Vehicle in Lane 3
I
~
+=
I
SPEED
(mph)
Cra\vl
5.8
8.0
10.4-
12.7
15.8
17.8
19.2
22.4-
24.6
26.5
30.4-
31.3
34.8
38.3
40.1
42.7
45.8
49 .. 8
50 .. 4-
53.2
54.7
57.2
59.7
BEAM A BEAM B BEAM C BEArvI D BEAM E
YL* y * ~lL- YR YL YR YL YR YL YRR
33.7** 28.5 33.0 31.1 30.9 31.2 26.3 30.7 27.6 35-.4-
35.0 30.6 33.1 32.5 31.2 32.8 27.7 30.3 28.0 35.6
34-.2 28.5 33.7 32.6 31.6 32.6 27.0 30.7 28.1 36.2
34-.6 30.3 32.3 30.9 30.9 32.4 26.5 30.5 27.7 34.8
34-.1 29.5 33.6 31.7 30.9 32.6 27.2 31.1 28.2 34.9
34-.0 29.5 32.1 32.3 31 .. 2 31.3 27.0 30.6 28.7 36.8
32.8 28 .. 9 31.2 31.1 30.2 31.8 27.0 29.3 27.2 33 .. 8
34-.4- 27.8 31.3 29 .. 4- 30.6 33.2 27.2 30.8 28 .. 9 35.5
33.0 30.7 30.9 31.8 28.7 31.9 26 .. 8 29.8 26.9 33.8
33.5 29.4- 31.2 30.7 30.0 32.0 26.3 30~4 27.5 34.4-
33.0 29.1 31.3 31.4- 27.7 31.6 27 .. 2 30.2 28.2 34.8
33.2 28.5 32.3 30.8 29.6 31.6 26.6 30.4 27 .. 6 35.4
36.0 27.8 30.8 28.9 32.2 32.5 26.6 30.8 26 .. 4 35.8
34-.0 29 .. 5 31.8 31.2 28.6 32.6 27.1 3008 27.7 34-.6
33.8 30.2 31 .. 8 31.6 29.8 32.0 26.4- 31.1 27.1 35 05
36.0 30.3 31 .. 7 31.6 29.8 32.4- 26.9 30.6 27.6 36.6
33.5 30.2 32.0 31 .. 2 30.7 32.3 26.9 30.0 28.9 36.6
33.5 30.0 32.3 30 .. 8 30.8 32.6 27.8 30.2 30.2 35.9
34.9 30.0 32 .. 4 31.6 30.7 32.1 28.0 31.1 28.9 35.0
33.6 30.2 32.0 31.8 30.2 33.6 28.0 30.8 28 .. 6 35.0
31.8 27.8 31.2 30.4- 30.2 29.1 29.4 29.9 26.3 33.7
33.2 28.9 31.1 30.8 29.3 31.6 27.2 29.8 27.0 34.7
33.0 28.5 30.7 30.9 28.8 31.1 27.6 28.9 27.4- 33 .. 3
35.2 30.6 32.9 31.6 30.2 33.2 27.5 30.5 29.9 34-.6
* Refer to Table 19
** Units are inches
TABLE 21 LOCATION OF NEUTRAL AXES - SPEED RUNS
Vehicle in Lane 4
I
-J
U1
I
SPEED
(mph)
Crawl
6.1
8"0
10.2
12.5
15.6
16.8
19.5
22.5
25.1
26.8
30.2
32.5
33.2
37.0
4-0.1
41.6
43.5
4-7.0
51.4
54.5
54.7
57.2
59.8
BEAM A BEAM B BEAM C BEAM D BEAM E
YL* Y * YL YR YL YR YL YR YL YRR
35.5** 28.3 31.1.1- 29.3 32.2 32.2 29.3 31.4 28.3 35.5
34.0 28.5 32.3 29.4 32.4- 32.4 29.4 32.3 28.5 34.0
35.2 29.4 32.0 29.1 32.2 32.2 29.1 32.0 29.4 35.2
34.2 29.0 32.0 28.3 32.4 32.4 28.3 32.0 29.0 34.2
35.4 28.2 31.4 29.4 31.9 31.9 29.4 31.4 28.2 35.4
34.9 28.7 31.2 29.2 32.4 32.4 29.2 31.2 28.7 34.9
33.1 27.7 30.2 28.2 31.7 31.7 28.2 30.2 27.7 33.1
34.1 29.9 32.4- 29.0 31.4 31.4 29.0 32.4 29.9 34.1
33.0 27.8 30.8 28.3 31.9 31.9 28.3 30.8 27.8 33.0
34.4 28.6 30.3 28.3 31.3 31.3 28.3 30.3 28.6 34.4-
35.4 29 .. 2 30.5 28.1 31.4- 31.4- 28.1 30.5 29.2 35.4
34.2 27.6 31.3 28.4- 31.6 31.6 28.4 31.3 27.6 34.2
34.2 29.1 31.7 28.5 31.7 31.7 28.5 31.7 29.1 34.2
34.3 29.0 31.3 28.2 31.8 31.8 28.2 31.3 29.0 34.3
35.0 28.4- 31.2 28.5 32.2 32.2 28.5 31.2 28.4- 35.0
35.4- 29.8 31.2 29.3 32.0 32.·0 29.3 31.2 29.8 35.4-
34.6 ~30.1 31.2 29.5 31.2 31.2 29.5 31.2 30.1 34.6
34.9 30.6 31.2 29.2 31.2 31.2 29.2 31.2 30.6 34.9
34.0 29.9 30.6 29.2 31.9 31.9 29.2 30.6 29.9 34.0
34.4 29.1 31.3 28.1 31.7 31.7 28.1 31.3 29.1 34.4
33.4 27.4- 29.8 28.3 30.5 30.5 28.3 29.8 27.4- 33.4-
33.4- 26.4- 30.3 28.5 30.7 30.7 28.5 30.3 26.4- 33.4
33.2 27.5 30.0 28.5 30.6 30.6 28.5 30.0 27.5 33.2
34.4 29.9 31.1 29.0 31.4- 31.4 29.0 31.1 29.9 34-.4
* Refer to Table 19
** Units are inches
I
-.......j
en
J
Crawl Runs
Impact Runs
at 10 mph
TABLE 22
Case I
Case II
Case I
Case II
EFFECTIVE S-LAB WIDTHS - CRAWL AND IMPACT RUNS
BEAM
A B C D E TOTAL
Lane 1 82.4* 90.5 47.5 30.0 112.8 363.2
Lane 2 66.6 103.6 74.1 44.2 55.2 343.7
Lane 3 52.5 95.4- 96.5 54.0 57.5 356.9
Lane 4 59.9 75.6 97.1 75.6 59.9 368.1
Lane 1 133.5 131.5 75.3 49.0 191.7 581.0
Lane 2 100.1 150.8 113.6 "69.4 83.3 517.2
Lane 3 82.5 141.3 144.7 85.3 88.4- 542.2
Lane 4- 88.0 110.6 140.6 110.6 88.0 537.8
Lane 1 63.0 73.9 41.3 51.2 66.5 295.9
Lane 2 54.6 82.1 57.0 50.7 53.7 298.1
Lane 3 48.8 73.8 73.7 52.9 42.8 293.0
Lane 4- 43.7 62.5 82.8 62.5 43.7 295.2
Lane 1 120.1 128.5 78.0 93.9 127.8 548.3
Lane 2 98.4- 143.9 104.7 95.2 97.3 539.5
Lane 3 92.2 131.5 133.2 99.6 81.3 537.8
Lane 4- 81.7 114.4- 148.6 114.4- 81.7 540.8
* Units are inches
TABLE 23 TOTAL EFFECTIVE SLAB WIDTHS FOR SPEED RUNS
I
--J
'-J
I
Vehicle in Lane 3
Total Effective
Speed Slab Widths (inches)
(mph) Case I Case II
Crawl 357.3 529.4-
5.8 386.1 534.4-
8.0 382.8 542.8
10.4- 352.1 532.8
12.7 370.3 537.4-
15.8 367.1 537.4-
17.8 317.3 537.4-
19.2 372.5 539.2
22.4- 318.0 540.2
24.6 324.1 538.6
26.5 326.2 54-6.6
30.4- 331.2 547.8
31.3 347.7 545.6
34.8 352.0 546.1
38.3 346.8 539.6
4-0.1 354.2 536.2
42.7 360.1 544.9
45.8 365.3 546.0
49.8 373.3 541.3
50.4- 363.6 541.3
53.2 302.5 549.7
54-. 7 318.0 539.5
57.2 305.9 542.2
59.7 372.7 538.4
Vehicle in Lane 4-
Total Effective
Speed Slab Widths (inches)
(mph) Case I Case II
Crawl 368.0 537.8
6.1 374.3 539.4-
8.0 377.9 538.7
10.2 360.1 539.6
12.5 357.5 535.7
15.6 362.5 537.6
16.8 352.2 535.6
19.5 311.0 541.3
22.5 223.9 538.7
25.1 321.8 543.0
26.8 334.5 545.4
30.2 331.7 543.8
32.5 360.2 545.8
33.2 347.8 543.0
37.0 352.2 544.8
4-0.1 368.5 545.2
41. 6 " 360.0 544.9
43.5 364-.8 544. 6
47.0 352.2 544.8
51.4- 359.6 542.8
54-.5 293.4- 545.0
54.7 3'18.1 54-1.0
57.2 301.3 542.4-
59.8 351.5 541.2
TABLE 24- EFFECTIVE SLAB WIDTHS FOR SPEED RUNS
I
-..J
co
I
Vehicle
in
Lane 3
Vehicle
in
Lane 4
Case I
Case II
Case I
Case II
Speed
(mph)
Crawl
12.7
26.5
40.1
57.3
Crawl
12.7
26.5
40.1
57.3
Crawl
12.5
26.8
40.1
57.2
Crawl
12.5
26.8
40.1
57.2
Effective Slab Widths (inches)
BEAM
A B C D E TOTAL
53.5 95.4- 96.5 54.0 57.5 356.9
58.3 99.6 92.2 61.0 59 .. 2 370.3
52.2 88.8 72.6 56.4- 56.2 326.2
63.6 92.1 82.9 56.3 59.3 354-.2
50.4- 81.8 69.6 52 .. 8 51.3 305.9
82.6 14-1.3 14-4-.7 84.3 88.5 54-1.4-
85.0 142.3 133.1 90.9 86.6 537.9
87.9 145.0 121.7 97.3 94. 7 54-6.6
98.3 136.0 124-.3 87.1 90.5 536.6
90.0 141.0 123.2 96.6 91.4- 542.2
59.9 75.6 97.1 75.6 59.9 367.1
56.5 75.5 93.4- 75.5 56 .. 6 357.5
59.8 63.5 87.9 63.5 59.8 334-.5
63.7 72.5 96.0 72.5 63 .. 8 368.5
48.6 63.6 76.8 63.5 48.6 301.3
88.0 110.6 140.6 110.6 88.0 537.9
86.1 112.6 138.2 112.6 86.1 535.7
98.5 103.8 140.9 103.7 98.5 545.4-
94.3 107.8 141.0 107.7 94.·4 545.2
89.7 113.6 135.9 113.5 89.7 542.4
TABLE 25 LOADED FREQUENCIES OF BRIDGE VIBRATION - IMPACT RUNS
I ~ East
o () ][~~h
2l
I
-......J
I.D
I
Drop at
Section M
Drop at
Section Q
Lane
1 2 3 4- 5 6 7
4.65* 5.06 5.13 5.26 5.00 5.55 6.25
4.77 5.06 5.13 5.26 1IIIIIIIIIa .... _ ....... ....._-~ ..-. .... .- ......
* Units are CPS (cycles per second)
Loaded Frequency = liT
+F ,c
10 @ ~o sec.
,R
tF = Offset on Trace when Front Axle over Section M
tc = Offset on Trace when Center Axle over Section M
tR = Offset on Trace when Rear Axle over Section M
TABLE 26 LOADED FREQUENCIES OF BRIDGE VIBRATION AT SECTION M - SPEED RUNS
I
00
o
I
Test Lane 3 Test Lane 5 Average of Lanes 3,5 Test Lane 4
Speed Frequency Speed Frequency Speed Frequency Speed Frequency
Crawl 2.75** Crawl 2.71 Crawl 2.73 Crawl 2.73
5.5* 2.68 6.1 2.70 5.8 2.69 6.1 2.67
7.9 2.73 8.1 2.31 8.0 2.52 8.0 2.56
10.6 2.38 10.3 2.33 10.4- 2.36 10.2 2.29
12.2 2.68 13.2 2.82 12.7 2.75 12.5 2.70
15.8 5.56 15.7 ------ 15.8
-
5.56 15.6 5.55
16.9 6.45 18.6 5.78 17.8 6.12 16.8 5.57
19.2 5.88 19.2 5 .88 19.2 5.88 19.5 5.98
22.4- 5.27 22.4- 5.45 22.4- 5.36 22.5 5.41
24.5 5.41 24.6 5.41 24.6 5.4-1 25.1 5.72
25.2 5.72 27.8 5.88 26.5 5.80 26.8 5.88
31.5 4-.77 29.4- 5.97 30.4- 5.37 30.2 4.25
31.6 4-.55 31.0 4.35 31.3 4.45 32.5 4.65
36.2 4-.72 33.4- 4-.4-4- 34-.8 4.58 33.2 4.21
38.8 4.55 37.7 4.35 38.3 4.45 37 .. 0 4.35
40.8 4.55 39.4- 4.84- 40.1 4.70 40.1 4.77
4-2.9 5.00 42.5 4.55 42.7 4.78 41.6 5.00
46.4 5.27 4-5.1 5.42 45.8 5.35 43.5 5.46
49.0 5.72 50.5 5.57 49.8 5.65 47.0 5.57
50.2 5.57 50.5 5.57 50.4- 5.57 51.4- 5.72
52.8 5.88 53.6 5.55 53.2 5.72 54.5 5.55
53.8 5.77 55.5 5.88 54.7 5.83 54.7 5.72
56.6 5.72 57.9 5.55 57 Q 2 5.64- 57.2 5.55
59.4 5.27 60.0 5.56 59.7 5.42 59.8 4.77
* Units are mph
** Units are cps
TABLE 27 LOGARITHMIC DECREMENT OF BRIDGE VIBRATION .
Logarithmic Decrement (L.D.)
A
o!. log A
n n
I
00
~
I
Where n = number of Cycles of Vibration
A = Amplitude of nth cycle
n
Run Speed Test Beam A Beam B Beam CNo. (mph) Lane
* Ao = 0.25, A14 = 0.08 A = 0.62, A14 = 0.21628 19.2 5 A = 0.35 ,A~a = 0.11o -- 0
L.D. = 0.1073 L.D. = 0.1061 L.D. = 0.1050
643 24.6 5 Ao = 0.26, A12 = 0.10 Ao = 0.20, A12 = 0.07 Ao = 0.43, A12 = 0.17
L.D. = 0.1162 L.D.= 0.1213 L.D. = 0.1169
737 54.7 4 Ao = 0.16, A13 = 0.07 Ao = 0.13, A13 = 0.06 Ao = O.45~ A13 = 0.16
L.D. = 0.1033 L.D. - 0.1028 L.D. = 0.1115
* Units are inches
TABLE 28 COMPARISON OF DISTRIBUTION FACTORS FOR
DREHERSVILLE, PHILADELPHIA, AND HAZLETON BRIDGE
ss
·~D··~. .
'I--------io: :tl---~
~~:..:.I ••••••••••• ~~:.:.I
-1-
w
ss
Bridge Drehersville Philadelphia Hazleton
0 87 0 0Skew 90 88 - 25 T
Roadway Width(w) 3D' _ OtT 40 T _ ott 40 T _ Ott
Beam Spacing (s) 7 T _ 2tT 9 T _ 6" 9 T _ 6 tT
Beam Size 4 T - 33 tT 4 T X 42 tT 4 T X 42 TT
Beam Span 61 T _ 6tT 71 T _ 9" 69 T _ 7tT
No. of 2 3 3Design Lanes
Mid-span In-place In-place Removed In-placeDiaphragms
t<I: Experimental 1.048 1.386 1.360 1.360
§ Design 0.810 1.158 1.158 1.158
aJ
~ Experimental
Design 1.295 1.195 1.174 1.174
!=Q Experimental 0.850 1.298 1.320 1.304
@ Design 1.300 1.727 1.727 1.727
OJ
~ Experimental
Design 0.654 0.752 0.765 0.755
u Experimental 0.800 1.238 1.328 1.302
~ Design 1.300 1.727 1.727 1.727
aJ
~ Experimental
Design 0.615 0.738 0.769 0.754
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Fig. 37 Comparison of Moment Coefficients for Crawl
and Impact Runs, Lane 2
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Fig. 38 Comparison of Moment Coefficients for Crawl
and Impact Runs, Lane 3
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Fig. 39 Comparison of Moment Coefficients for Crawl
and Impact Runs, Lane 4
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